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FOREWORD

The Department of the Army began conversion of the Official Military Personnel
File (OMPF) from paper to microfiche in 1976 based upon the findings of the
RAMZ (Records Administration in Microform Mode) Task Force. After an evalua-
tion of problems with the paper filing system, a review of alternative micro-
graphics systems, and a review of systems developed by the Navy and the Air
Force, the RAM2 Task Force recommended conversion to the A.B. Dick System 200
updatable microfiche system with Access-M retrieval equipment. At this time,
the microfiche system is operational at the four Army personnel facilities:
Military Personnel Center (MILPERCEN), Enlisted Records and Evaluations Center
(EREC), Reserve Component Personnel Administration Center (RCPAC), and the
National Guard Bureau (NGB). Conversion has not yet been completed, however,
at the latter two sites.

In June 1983, the Department of the Army, Defense Supply Service, issued a
request for proposal to meet the following objective:

Conduct a study to develop alternatives for the 1985-1990 timeframe
that would permit MILPERCEN and the Army's current micrographics
operations to adjust to or be replaced by emerging technology.

In September 1983, Austin Associates (Englewood, CO), a records and informa-
tion management consulting firm, was selected to conduct this evaluation and
project work began in October 1983.

The project was scheduled to be completed in 120 days, but was extended to 125
days by the Project Committee due to delays in constituting the first Project
Committee meeting. During the course of the project, the following tasks were
completed by Austin Associates:

- Interviews were conducted with managers and operational staff at MILPERCEN
(Alexandria, VA), EREC (Indianapolis, IN), RCPAC (St. Louis, MO), NGB
(Arlington, VA), and National Personnel Records Center (NPRC-St. Louis,
MO). Interviews were also conducted with representatives from the
Department of the Navy, Air Force, and Marines, to review systems developed
for their military personnel records. Firally, a number of interviews
were conducted with vendors, consultants, and systems integrators involved
in the areas of micrographics and digital image technology. Appendix A
contains a 1ist of individuals interviewed; Appendix B contains a list of
vendors contacted during the course of the project.

- Alternative technologies were reviewed which might be considered to
replace the existing OMPF microfiche system. Besides interviews with
vendors, the Project Staff participated in demonstrations and trade o
shows, and reviewea available technical literature to obtain detailed
information or system performance and capabilities.

- The Project Staff conducted a series of briefings for the Project
Committee to review findings and problems related to each aspect of this
project. The briefing schedule was as follows:
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Briefing No. 1 (October 11, 1983): Review of project scope, activ-
ities, and modifications.

Briefing No. 2 (November 8, 1983): Evaluation of existing micro-
graphics system.

Briefing No. 3 (November 22, 1983): Review of alternative
micrographic-based systems and recommended improvements to the
existing microfiche system.

Briefing No. 4 (December 6, 1983): Review of transition of microfilm-
based systems (microfilm storage with digital image transmission)
and digital image technology.

Briefing No. 5 (January 11, 1984): Review of draft final report.

- This project report was prepared to document the findings and problems
related to this project. This report has been reviewed by the Project
Committee and revised as necessary. The report reflects the views of
Austin Associates and does not necessarily represent the policy nor the
position of the Department of the Army.

Throughout the course of this project, the Project Staff worked closely with
the Project Committee selected to represent the Department of the Army. The
Project Committee consisted of the following individuals:

LTC Gerald V. Turcotte, MSD, MILPERCEN

0dis Mays, EREC

John Slazinik, Jr., RCPAC

CW4 Webster Rose, NGB

Joseph G. Hardy, TAG

Roy S. Brandon, OCAR, Automation Management-Pentagon
Robert Barrow, PERSINSD, MILPERCEN

We wish to extend our sincere appreciation to the members of the Project
Committee who provided extremely valuable information and insights which
enabled the Project Staff to more fully understand the existing operation and
problems. The quality of this report is due, in part, to the cooperation
received from the Project Committee in completing the tasks required.

We would like to thank Barbara Durland, Affiliated Executive Systems, for her
patience and conscientiousress in typing this report, ard Ariene Motz, Janet
Whitehead and Daniel Woodward for reviewing this report.

~
7

;f;>: L7
%/;:/_(?//_/zzdi Robert B. Austin, CRM

Project Director

7
Qﬂ(//W/ Donald S. Skupsky, JD, CRM

-//)// Project Marager
A 3 e
e (o S ypes S Eric C. Tanner, CRM

Deputy Proiect Manager

Vi




EXECUTIVE SUMMARY

This project reviewed and evaluated the Army's Official Military Personnel
File (OMPF) micrographics system at the Military Personnel Center (MILPERCEN-
Alexandria, VA), Enlisted Records and Evaluation Center (EREC-Indianapolis,
IN), Reserve Component Personnel Administration Center (RCPAC-St. Louis, MO),
the National Guard Bureau (Arlington, VA), and the National Personnel Records
Center (NPRC-St. Louis, MO). Alternative systems were considered for future
development, including the micrographics-based transition technologies and the
new digital image technology. The findings and conclusions of this project
have been extracted from the full report and are summarized by chapter below.

CHAPTER 1. OVERVIEW OF EXISTING OMPF MICROGRAPHICS SYSTEM

The OMPF is the official Army record of service, performance, commendations,
decorations and disciplinary action. During the early 1970s, the Army OMPF
were maintained in paper format, resulting in a significant number of problems:
large space requirements, difficulty maintaining file integrity, no system
backup, large staff requirements, and substantial time requirements to assemble
records for Boards. The Records Administration in Microform Mode (RAM2) Task
Force was formed to review the personnel records system. After the Task Force
evaluated problems with the paper filing system, alternative micrographic
technologies, and systems developed by the Navy and the Air Force, the RAM2
Task Force selected a system consisting of the A.B. Dick System 200 updatable
microfiche system with Access-M retrieval equipment. This system is now
operational at the four personnel facilities; although conversion is still
taking place at RCPAC and the National Guard.

The review and analysis of each personnel facility indicated general satisfac-
tion with the microfilm system, although a number of significant problems were
evident.

CHAPTER 2. EVALUATION OF EXISTING OMPF MICROGRAPHICS SYSTEM

A questionnaire was developed in order to determine the system evaluation
criteria, weights to be assigned to each criterion, and the appropriate score
for rating each criterion. The following are system selection criteria groups
presented in order of importance:

- Image quality

- Security

- Integrity

- Reliability/maintenance

- Image creation/management
- System development

- Dissemination/use

- Personnel

- Cost

- Environment

A second questionnaire was prepared and completed by 116 Board members,
including some from each of the four sites. Due to the importance of Boards
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and the responsibility of the individuals involved, the conclusions from this
questionnaire are particularly significant:

Most Board members prefer the microfiche to the paper records.

Blacked-out images on the microfiche may be considered by a signi-
ficant number of Board members in evaluating a record.

Filming errors on the microfiche slow down the review of most Board
members.

Most Board members believe some information included on the micro-
fiche, especially letters of appreciation, are useless for the
evaluation.

Most Board members indicated that their eyes are tired after review-
ing the microfiche records all day.

A significant number of Board members indicated that they would
prefer a paper photograph rather than a microfilm image of the
photograph.

- Many Board members in the comments expressed concern regarding

quality of the images produced in the system.

While a number of significant problems exist in the system, the existing OMPF
microfiche system must receive a good overall evaluation. Some positive
conclusions related to the system are as follows:

The decision of the RAMZ Committee to convert to an updatable
microfiche with automated retrieval equipment was correct.

The existing microfiche system performs better than the previous
paper system.

The microfiche system meets the Army's needs.

The microfiche system will enable the Army to function during the
timeframe 1965-1990, but problems will continue to exist over that
period.

While the original microfiche cannot be used in future system develop-
ment, the original can be converted into a new format for use with new
systems developed.

A number of problems were detected in the system for which no solutions were

discovered. These problems cause severe difficulty with system operation and
have an apparent negative impact on the use of OMPF information, especially by
the Boards. The following problems represent the primary reasons why the Army
should convert to another image processing system by the late 1980s:

- Inability to erase and resequence images.

Degradation of the updating capabilities of the original updatable
microfiche.
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Slow system speed for filming and retrieval.

Inability of system to adequately reproduce photographs.

Lack of access to the original microfiche during update and
duplication.

Duplication required for distribution of information.

Human intervention required at each stage of the process.

CHAPTER 3. MICROGRAPHICS TECHNOLOGY ISSUES RELATED TO EXISTING SYSTEM

The A.B. Dick System 200 updatable microfiche was selected for the OMPF
primarily because all images related to a personnel record could be maintained
together, the ease of adding additional images to the microfiche, and the
simplicity of production. Many of the major problems with the existing system
described above, are attributable to the updatable microfiche technology.

Ar extremely large number of duplicate microfiche are made annually at all
four sites. Since users access the OMPF only through duplicate copies, the
guality of these copies is extremely important for the success of the entire
OMPF system. Some recommendations related to duplication are as follows:

- An inspection and quality control program should be developed for
microfiche duplicates.

- The temperature on the duplicators should be set to approximately
170°F to create the best quality duplicate image.

- Duplicator operators should wear cotton gloves to protect the
original microfiche.

- An experiment should be conducted with the Boards using vesicular
duplicate film to determine whether a negative image wiil reduce eye
strain and fatigue compared to the current positive duplicates.

Some users, especially Boards, spend a great deal of time reading microfiche.
Consequently the microfiche readers provided to users should be of the highest
quality and provide features to facilitate use.

Ar ergonomic work station should be provided, especially for Boards, since
they utilize the microfiche for long periods of time. Some characteristics of
an ergonomic work station include adjustable chairs, adjustable reader height,
tilt and swivel capabilities for readers, and adjusteble desk height.

Most paper prints produced by reader-printers were extremely poor. Since only
a few reader-printers are required in the system, it is suggested that high
quality reader-printers be cbtained in order to provide high quality paper
prints when necessary.

Each installation maintains a computer system to identify the Access-M number
for each record and te perform other tasks. The retrieval process may be

ix
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enhanced through the addition of computer-assisted retrieval of the Access-M
units and addition of the Automatic Delivery System for automatic ejection of
a carrier from a cartridge.

CHAPTER 4. ALTERNATIVE MICROGRAPHICS SYSTEMS

Since the RAMZ2 report in 1975, a number of vendors have developed advanced
micrographics systems, some including the capability of digitizing micrographic
images and transmitting them electronically. These systems are distinguished
by the method of file organization (either unit record or random access),
method of retrieval (method used to locate the particular roll of microfiche
and the methods used to locate the specific image), and method of image
presentation (either optical projection or display of digitized image). The
microfilm systems now being marketed can be classified as follows: manual
microfilm system, computer-assisted retrieval (CAR) systems, automated docu-
ment storage and retrieval system (ADSTAR), and automated document storage and
retrieval systems plus digitized image transmission (ADSTAR+DIT).

None of the micrographic-based technciogies reviewed warrant serious consid-
eration to replace the Army OMPF updatable microfiche system.

CHAPTER 5. DIGITAL IMAGE TECHNOLOGY

During the last few years, much has been written and discussed regarding the
process of the "electronic filing system." A number of vendors have developed
systems which they call "electronic,” but in reality prove to be microfilm
storage systems with computer-assisted indexing and retrieval. Beginning in
approximately 1982, significant developments occurred which marked the emer-
gence of the still infant technology now referred to as "digital image tech-
nology." 1In 1983, vendors began offering scanning equipment and appropriate
computer software to automate the digitizing process. In addition, the first
commercially available optical disk systems were marketed and a number cf
prototypes demonstrated. During the next few years, it is expected that a
number of pilot projects and operational systems using digital image technology
will be developed to meet pressing needs of both government and industry.

With the recommended enhancement of the existing OMPF microfiche system, the
Army can wait a few years before converting to this new technology. During
this waiting period, however, the problems with the existing updatable micro-
fiche system will continue to grow. A pilot project should therefore be
developed as soon as possible, followed by the conversion to operational
systems for all Army perscnnel records.

A digital image system consists of five components: image capture, storage/
optical disk, image transmission, image presentation, and the computer system.
Most scanners use charge coupled devices (CCD) to provide high scanning speed,
good resolution, and flexibility in operation. The scanner examines the image
in terms of discrete points (or pixels), and converts this information into
binary format for computer storage. Although most systems can recognize
differences in gray scale for documents, much more storage is required. A
resolution of 300 dots/inch will capture finer detail (but require more
storage space) and has been used in the report; a resolution of 200 dots/inch
may be adequate.
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The emergence of optical disk technology has supported the development of
digital image systems. Optical disk is capable of storing 40,000 to 100,000
documents, depending on the type used. Vendors are now developing juke box
devices which can store 100 or more disks, enabling the on-line storage of
millions of documents per juke box. Optical disk offers high storage capacity,
automatic verification of information writ..r, long life, and rapid access to
information (in milliseconds). While optical disks now cost $100 to $200 per
disk, it is expected the price will be lowered to $40 to $75 per disk within
two years.

Once the image has been scanned and stored, the image can then be
electronically transmitted to users to perform their daily activities. Due to
the volume of digital information (or bits) required to form an image, the
transmission speed is extremely important for the effective operation of the
system. The Army is currently developing a local area network for MILPERCEN
and enhancing the Defense Data Network. Unfortunately, the systems are
designed for data, rather than images, and a maximum transmission rate of
56,000 bits/second is planned. At this rate, it would require almost 12.5
minutes to transmit a single 50-page record. Fiber optics offers significant
improvement in data transmission images, enabling a 50-page record to be
transmitted in less than one second.

The image can be presented to users in one of three forms: high resolution
graphics display terminal, printer output, or microfiche developed from a mod-
ified computer output (COM) unit. Due to the high cost of high resolution
graphic terminals, it is expected that only a limited number will be used
during the first years of operation. Most output will be provided to users in
microfiche form, produced from the digital image using a COM unit.

The computer system selected to handle the digital image technology must have
extremely fast input/output speeds, high capacity memory, and substantial
magnetic disk storage (for indexing). The system software will be required to
handle image capture, communications, backup, transfer of information, purging,
scheduling, and special features such as character recognition and forms
overlay capabilities.

The digital image system operates substantially different than the existing
OMPF microfiche system, resulting in only a few procedural stages:

- Documents are received and screened.

- Documents are scanned.

- Digitized images are stored on a daily optical disk.

- Images are indexed and enhanced as necessary.

- Final images are stored on optical disks in juke boxes.

- Documents are destrcyed.

- Images are then transmitted to users through output from high
resolution graphic terminals, printers, or COM units.

Since digital image technology is in its infancy, a number of special issues
must be addressed before the Army can fully proceed in developing a compre-
hensive digital image system. The legal status of digitized images, especially
signatures, have never been determined in an actual court proceeding. The
Judge Advocate General should address the issues of legality and acceptability
of digitized images. The issues relating tc image enhancement must still be
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clarified in the future. Image enhancement will enable the Army to "improve"
the quality of the image, even poor quality documents. This will be parti-
cularly appropriate when converting some poor quality images from the existing
microfiche system.

The cost for developing a digital image system will be substantial. The
existing microfiche images must be converted to digitized form, each image
indexed and enhanced, and stored. Actual operations can begin during the
conversion process. Whenever documents are received for updating, the original
updatable microfiche will be converted to the digital image system; other
microfiche records can be converted as time permits.

The cost for converting the system to digital image technology may be recovered
for all installations within ten years. With the existing microfiche OMPF
system, the RAMZ task force did not expect a payback after conversion during
the lifetime of the system. The digital image system is cost justified due to
the large reduction in operating costs for the system, improved services to
users, and vastly expanded technical capabilities.

The Library of Congress is developing a pilot project to prove the feasibility
of using digital image technology for the management and storage of library
materials. Many more systems will be developed within the next two years.
The Army should carefully monitor the activities of this technology, while
developing its own system. It is expected that a pilot project costing
approximately $1.9 million can be conducted in 1986, and conversion for all
installations can begin by 1987.

In comparison to the existing microfiche OMPF system, the digital image
technology will provide the Army with the following advantages:

- Higher system speed

- Improved image quality and error correction

Ability to resequence or delete images

No degradation in image quality

Multiple access

Rapid access to information

Reduction in staff requirements and human intervention

- Potential for extraction of data from images through character
recognition

CHAPTER 6. COMPARISON OF SYSTEM DEVELOPMENT ALTERNATIVES

Three alternatives for system development are available to the Army:
- Enhance and operate the existing updatable microfiche.
- Convert to a micrographics-based transition technology such as an
automated document storage and retrieval system with digital image
transmission.

- Convert to a digital image system, after a pilot test.
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The system evaluation criteria were applied to these three alternatives. The
digital image technology received the highest total score and was rated "best"
in the following categories: image quality, security, image creation/
management, systems development, dissemination/use, personnel, and environ-
ment. The existing system scored approximately 40% lower than the digital
image technology. The systems were also reviewed in terms of operation and
conversion costs, and the digital image system proved to be the Jeast expensive.

The major factors which favor the development of a digital image system are as
follows:

- The existing updatable microfiche system has severe weaknesses which
cannot be resolved and adversely affect the operation and use of the
system.

- Although some of the advanced micrographic-based transition technologies
resolve many problems of the existing system, they have severe defi-
ciencies, especially with the time required to assemble the complete OMPF
record for an individual.

- The digital image technology responds to all problems with the existing
system and offers several opportunities for improved operation. Some of
the additional advantages offered by the digital image technology are
image enhancement, multiple access of information, rapid access to
information, reduction in human intervention, and potential for ex-
traction of data from images. The major drawbacks relate to the newness
of the technology and some concerns regarding image quality.

CHAPTER 7. SPECIAL APPLICATIONS OF MICROFILM

Potential microfilm applications were also reviewed in the Awards Branch, the
Promotions Branch, and the Central Clearance Facility (Ft. Meade).

The Awards Branch is responsible for the administration and research of
records of awards presented by the Army. Approximately 500,000 General Orders
were produced during the Vietnam era. These records are actively used, are
deteriorating through age and use, are subject to loss or destruction, and
cannot be replaced. These records should be microfilmed on roll film, placed
in cartridges for protecticn and retrieval, and used in place of the paper
records.

The Promotions Branch maintains the records of non-selected officers. These
records must be retained in the exact sequence and format as presented to the
Boards. Since no statute of limitations exists on appeals, these records are
frequently accessed to answer inquiries and to respond to litigation. These
records should also be microfilmed on roll film and maintained in cartridges.
The Army should also support the proposed five-year statute of limitations for
appeals of Board decisions.

The Central Clearance Facility (Ft. Meade) is responsible for processing
security clearances. No applications for microfilm existed under that command.

xiii
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The Career Management Branches maintain separate filing systems consisting of
copies of the most recent microfiche, the evaluation reports in paper form,
and other documentation required to perform the career management function.
It would be desirable in the future to eliminate paper evaluation reports and
require the management staffs to rely on the microfiche or digitized record.

RCPAC has responsibility for maintaining the Military Personnel Records Jacket
(MPRJ or 201 file) for separated individuals with a remaining service obliga-
tion and retirees. These files include medical records, 201 documents and a

copy of the OMPF microfiche. The documents maintained in the MPRJ should be

microfilmed and the paper destroyed.

CHAPTER 8. RECOMMENDATIONS

The following summarizes the major recommendations resulting from this
project:

- The existing OMPF updatable microfiche system should be ernhanced and
maintained until a digital image system is developed.

- An alternative microfilm-based system should not be developed for
the maintenance of the OMPF.

- A digital image system should be developed for maintenance of the
OMPF.

- A pilot project using digital image technology should be implemented
prior to fuli-scale conversion to a digital image system,

- The developmert of a digital image system should represent a conso-
lidated project which includes all four facilities.

- Planning and budgeting for the digital image pilot project and
system development should begin immediately.

- A digital image technology committee should be organized.

- The digital image system should be developed under the auspices of
the Office of the Deputy Chief of Staff for Personnel (ODCSPER).

- The digital image system should be developed by Army personnel with
records management and micrographics experience, with support
services provided by data processing personnel.

- The detailed systems design should be developed in 1984,

- A systems integrator should be selected to develop the digital image
system for the pilot project and total system.

- The Army should develop staff expertise in digital image technology

or a liaison should be obtained by contract to represent the Army in
dealing with the systems integrator.
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- New developments in the field of digital image technology should be
monitored on a regular basis.

|-

- High speed image transmission capabilities (exceeding 5 million
bits/sec.) should be provided within local area networks and the
Defense Data Network for digital image transmission.

- Care should be taken to ensure that personnel requirements specify
only highly qualified personnel to operate and manage the digital
image system.
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CHAPTER 1. OVERVIEW OF EXISTING OMPF MICROGRAPHICS SYSTEM

The Army Official Military Personnel File (OMPF) micrographics system can be
viewed in terms of the basic system or concept, the implementation of the
system at each facility, and the impact of the system on users. This chapter
provides an overview of the existing system from these three perspectives.

1.1 MICROGRAPHICS SYSTEM OVERVIEW

1.1.1 Background

The OMPF is the official Army record of service, performance, commendations,
decorations, and disciplinary action. Army regulation AR640-10 specifies the
documents to be included in the OMPF.

During the early 1970s, the Army OMPF were maintained in paper format.
Several problems with these paper records were encountered:

- A large amount of space was required for storage.

- There was difficulty in maintaining the file integrity since documents
could easily be removed, inserted, or resequenced.

- There was no provision for system backup.
- A large staff was required to operate the system.

- The system was incapable of permitting two people to access the same
record at the same time.

- Substantial time and effort was required to assemble records for Boards.

In July 1973, a major fire at the National Personnel Records Center (NPRC)
destroyed or damaged approximately 17.5 million records. The consequences of
the fire and the problems with the existing paper system served as motivating
forces for change.

After several evaluations of the OMPF system, the review process culminated in
April 1975 with the Records Administration in Microform Mode (RAM2) fina)
report and recommendations. The task force evaluated problems with the paper
filing system, alternative micrographic technologies, and systems developed by
the Navy and Air Force. The system selected consisted of the A.B. Dick System
200 updatable microfiche system with Access-M retrieval equipment. Conversion
of the paper OMPF files to microfiche began in 1976 at MILPERCEN, followed by
conversion at EREC. (RCPAC and the National Guard were not included in the
original RAM2 study for conversion). The conversion to the microfiche system
is now complete and operational for officers and enlisted personnel at
MILPERCEN and EREC; conversion is still proceeding at RCPAC and the National
Guard.

I-1
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1.1.2 System Description

Although there are minor operational variations at the four sites utilizing
the OMPF micrographics system, procedures are remarkably uniform. The basic
policies and procedures used are included in AR640-10.

Each individual may have separate microfiche included as part of the OMPF
file:

P-fiche: Includes performance data, evaluation reports (OERs or EERs)
and commendatory and disciplinary (C&D) information.

S-fiche: Includes service history, orders, and duty assignments.

R-fiche: 1Includes disciplinary information not included on the P-fiche,
adjudication proceedings, and other restricted (R) information.

These microfiche are maintained together as a unit record in a plastic carrier,

In essence, each installation handles four major tasks related to the OMPF
file:

- Accessions: The term "accessions" is used in the OMPF system to indicate
receipt of new records for an individual not yet having a record at the
installation. Two types of accessions take place in the system. The
first, and most common, is the processing of the accessions packet
received when an individual is commissioned or enlists. The documents
are processed, index entries made, a new original microfiche created, the
accession documents filmed, and the original stored in the M-units.

The second type of accession takes place whenever the status of an
individual changes (e.g., an individual separates from the Army) and the
records are transferred to RCPAC. The records, including the original
microfiche created at the previous installation and the paper 201 file
(MPRJ), are then accessioned into the RCPAC system for future processing.
The records are then reviewed, indexed, and filed (or transferred to
NPRC, if appropriate).

- Updates: Periodically, additional documents must be filmed and added to
the OMPF. These procedures are described in Section 1.1.3.

- Separations: Whenever an individual changes status (e.g., separates from
the active Army), the OMPF microfiche must be updated to indicate separa-
tion and the complete separation package (including the OMPF microfiche
and the paper 201 field file) are transferred to RCPAC.

- Requests for Information: A large number of requests are received for
OMPF information for use by Selection Boards, obtaining security clear-
ances, planning careers, and insuring the completeness of the file.
Generally duplicate copies of the microfiche are prepared for this
purpose. An individual may also request a copy of his microfiche at any
time.

1-2
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In general, the microfiche system has resuited in substantial improvement of
the management of the Army's OMPF. A detailed evaluation of the existing
system is provided in Chapter 2 of this report.

1.1.3 System Procedures

A1l four facilities follow essentially the same procedures for operating the

OMPF microfiche system. Some special procedures are sometimes followed due to
particular problems related to the type of records managed or a difference in
philosophy of the management staff at a facility. The basic procedures are as
follows:

(a) Update Procedures. (See Figure 1.1)

(1) Document Preparation Screening. Documents are screened to
determine if they qualify for inclusion in the OMPF. Staples and other
fasteners for OMPF documents are removed.

(2) Computer Data Entry. The Social Security Number (SSN) is
entered into the computer system to retrieve name (for verification purposes),
Access-M unit address, and other related data.

(3) Sorting/Filing of Documents. Documents are sorted, when
appropriate, and filed to await updating.

(4) Retrieval of Documents for Filming. When an evaluation
report is received, the evaluation report and all other documents awaiting
filming are generally removed from the paper filing system and begin the
updating process. At EREC, all documents received for E6 and above are added
to the microfiche within one week of receipt, while documents for E5 and below
are added to the microfiche in a first-in, first-out order, after a substan-
tial delay.

(5) Microfiche Retrieval. The updatable microfiche is retrieved
from the Access-M unit based upon the M-unit address on the paper documents.

(6) Merging Microfiche and Documents. The microfiche and
documents are brought together for filming.

(7) Pre-inspection. The microfiche and the documents are
inspected for duplication and other problems related to the new documents.
The appropriate microfiche grid number for the next images is written on the
documents at all sites except EREC. At EREC, the camera operator assigns the
grid number.

(8) Filming. The camera operator inserts the original updatable
microfiche into the camera, selects the appropriate grid number, and films
each document. At the conclusion of filming, the operator visually determines
that images were in fact placed on the film,

(9) Post-inspection. The original updatable microfiche is
placed in a reader and inspected for basic image quality, image registration,
and placement.
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(10) Duplication. MILPERCEN is the only installation providing
a duplicate to the Career Management Branches each time the file is updated.
After filming, the original microfiche is manually inserted into the duplicator,
and a diazo duplicate is produced. The duplicate is then stapled to the
evaluation report and transferred to the Career Management Branches.

(11) Refiling the Original Microfiche. The original microfiche are
maintained centrally at each site. For refiling, the original microfiche are
placed in the storage buffer of the Access-M unit in random order. At regular
intervals, the original microfiche carriers in the buffer are returned to the
appropriate cartridge. As each M-unit cartridge is retrieved, the microfiche
in the buffer are "pushed out," removed from the buffer by the operator, and
manually inserted randomly in the cartridge. For E5 and below at RCPAC, the
microfiche carriers are refiled manually in Lektriever units, in terminal
digit order by Social Security Number.

(12) Document Destruction. At MILPERCEN, EREC, and NGB, after
post-inspection, the paper documents are destroyed except for evaluation
reports and photographs. RCPAC destroys all documents.

(b) Accession Procedures. Information from the accession records
are ertered into the computer for indexing purposes, a label for the updatable
microfiche is prepared, and documents are filmed as stated above.

(c) Separation Procedures. For the active Army and National Guard,
separation documents are filmed on the original microfiche. The original 201
files (MPRJ) are then transferred to RCPAC. Upon discharge, RCPAC duplicates -
the original microfiche and transfers dupiicate 201 files to NPRC.

(d) Request Procedures. Requests are entered into the computer or
hand-carried to the appropriate M-unit, the original fiche is retrieved from
the M-unit, a duplicate is made, the original is refiled, and the duplicate
transferred to the requestor.

1.2 PERSONNEL RECORDS FACILITIES

Figure 1.2 presents some basic information related to the four facilities
participating in the OMPF micrographics system. Each facility, while using a
similar system, has implemented the system in a slightly different manner in
order to meet the unique characteristics of its operations. Differences also
result since each facility developed the system independently (no centralized
organization or control was provided), in cooperation with the other facili-
ties. In addition, each facility is responsible for preparing and obtaining
approval for its own budget. Finally, the initial RAM2 project did not
include provisions for converting records at RCPAC or the National Guard.
These facilities were converted separately. Considering the normal process of
the development of independent systems, the personnel micrographics system is
relatively uniform in the four components of the Army.

1.2.1. Military Personnel Center (MILPERCEN)

(a) Background. MILPERCEN is respensible for maintaining the OMPF ' ®
records for officers in the active Army. Conversion of these records was
started in 1976 and completed in 1979,
i-4 \ °
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(b) Findings and Problems. During the review of the OMPF sys*em at
MILPERCEN, the following problems were observed:

(1) A large amount of personnel time is required for document
screening to determine OMPF status.

(2) The Career Management Branches are provided with micro-
fiche copies of the OMPF whenever the originals are updated. The Branches,
however, generally dc nct use the microfiche, relying instead on the paper
evaluation reports and other paper documents maintained to meet their own
needs. The paper evaluation reports are also used to help reconstruct the
origiral fiche when necessary.

(3) Microfiche records are maintained by M-unit address rather
thar Social Security Number, reguiring additional processing time and increased
potential for errors.

(4) The Convenience Unit (responsible for correcting or
changing the microfiche) is provided only limited access to the M-units to
retrieve reccrds for special requests.

(5) Since the microfiche duplicates are prepared 30 days prior
to the meeting of the Selection Board, any documents received after that time
must be provided to the Board in paper form.

(6) There have been delays and other problems in transferring
records from MILPERCEN to RCPAC. During the first 120 days after a record has
been transferred to RCPAC, problems can occur if the individual re-enlists or
returns to active duty, and the record is requirec at MILPERCEN.

(7) Oversized documents must first be reduced using photocopy
equipment prior to microfilming. The reduction process degrades image quality,
due to the poor quality photoccpier.

(8) Some computer-generated labels on the original fiche do not
reproduce well on duplicates, because they have smeared and dulled over time.

(9) Duplicate microfiche are often of very poor quality. No
quality control procedures exist for duplicates.

(10) No operating or procedures manuals exist to ensure uniform
procedures, ensure system continuity, and enhance training for new staff.

(11, The working environment is not conducive to good morale or
productivity. Equipment is noisy, ammonia fumes from the duplicator were
detected, floors reflect noise due to lack of carpeting, temperature and
humidity control is not adequate, and the subdued blue lichting appeared to
cause eye strain, and, therefore, reduce productivity.

(12) When original microfiche are out-of-tile for updating or
dupiication or have been misfiled, they are extremely difficult to locate.

(13) The procedures followed during pre~ and post-inspection
require that the original microfiche be inserted irto a reader. This inspec-
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tion method is slow and subjects the original microfiche to intense light, even if

filtered, for brief periods of time.

(14) The Inforex 5C00 computer system does not contreol the
M-units and is not fully integrated with other personnel data base systems.
This problem results in delays in processing and transferring information,
since magnetic tape must be used,

(15) Work is often routine and morale tends to be low. Staff
often is not cross-trained nor provided a variety of work assignments.

(16) The office layout is not conducive to efficient workflow.

(17) Problems of poor image quality are magnified whenever an
entire microfiche must be veconstructed, especially when selected documents
must be printed on a reader-printer and refilmed (since the original documents
have been destroyed).

(18) Some older microfiche have lost their updating capabil-
jties, generally due to repeated exposure to light, and must be reconstructed.

(19) Fingerprints are sometimes found on the original microfiche
since no gloves are used by staff and the original is handled frequently.
Fingerprints on the original could affect the quality of updates filmed at the
location of the fingerprints. In most cases, the staff handles the microfiche
carefully. Gloves were previously used for a six-month period but were
abandoned due to a variety of problems.

1.2.2 Enlisted Records and Evaluation Center (EREC)

(a) Background. EREC is responsible for the maintenance of records
for approximately 675,000 enlisted individuals in the active Army; as such,
this is the largest of the four installations using the OMPF microfiche
system. Conversion of these records began in 1976 and continued until conver-
sion funding under RAMZ was depleted, leaving approximately 160,000 records
still not converted. These records were subsequently converted as part of
EREC's operating budget, as time permitted.

(b) Findings and Problems.

(1) Accession records are generally held for seven months (now
thirteen months due to backlog) prior to filming to allow for attrition which
occurs during this first six-month period; records tor individuals discharged
before completing six months service are not filmed. In some cases, update
documents reach the filming stage prior to creation of the original
microfiche.

(2) Due to the high volume of documents and existing staff
size, only update documents for E6 and above are filmed upon receipt. Update
documents for E5 and below are filmed on a 7irst-in, first-out basis, up to
seven months after receipt. E6 or abcve are given higher priority because
they are evaluated centrally at EREC for promotion while E5 or below are
promoted in the field.
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(3) Approximately 30% of the original microfiche for E6 and
above are inspected (since May 1983) and only selected microfiche for E5 and
below are inspected.

(4) Staff size is not large enough to effectively operate the
microfiche system at current volumes.

(5) There is an inadequate number of M-units, some cartridges
are overloaded, resulting in some carriers getting stuck and requiring hand
searches. While the units were designed to store approximately 35,000 -
40,000 microfiche carriers each, all of the units at EREC contain 50,000 or
more carriers. When a carrier gets stuck in the M-unit, a response of "not in
file" is received from the search. Improvements in processing time, especially
for accessions, cannot be achieved because there is inadequate space available
to store new original microfiche,

(6) Once an E5 and below document has been stored on the
shelves (or on "the wall") in chronological order by date of receipt, there is
no way to locate the document until it has been retrieved for filming.

(7) Documents for individuals E6 and above are sometimes
mistakenly placed on "the wall" and processed like records for E5 and below.
This occurs frequently after an individual has been promoted to E6 and receives
a complimentary copy of the OMPF microfiche. The individual then submits
documents for filming which were initially not included on the microfiche.
The screening clerk examines the documents, notes the stated rank of E5 or
below, and mistekenly processes the records accordingly,

(8) Since there is no document to trigger updates for E5 and
below, the original microfiche must be retrieved and updated once for every
document required for the OMPF file. Other installations film batches of
documents at a single pass when the evaluation report is received.

(9) Special computer searches slow the computer response time
for data entry and information retrieval, wasting staff time.

(10) The existing air conditioning and humidity control systems
are inadequate to handle the heat generated by equipment, lighting, and
personnel. As the temperature rises and humidity falls, the incidences of
computer and camera failure increase.

(11) When an individual separates and then re-enlists, there is
& delay in getting records returned from RCPAC which were shipped during the
previous 90-120 days.

(12) Staff positions have been graded low (low salary levels)
which contributes to low productivity, increased turnover, and higher than
acceptable error rates. (Applicable tc all sites.)

(13) Considering the volume of records, staff levels provided,
and functions performed, the OMPF microfiche system at EREC functions well.
The procedures are orderly and the facility is extremely neat.
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1.2.3 National Guard Bureau (NGB)

(a) Background. The National Guard currently maintains OMPF
records on microfiche for officers. Approximately 32,000 records have already
been converted; the remaining 15,000 records will be converted within the next
two months. The National Guard installation was nct included in the original
RAMZ study nor in RAMZ funding for conversion.

The National Guard is converting its systems and procedures to correspond
identically to those foliowed by MILPERCEN. A new Wang OIS computer system is
being used to control the M-units using warg's 1ist precessing capabilities.

(b) Findings and Problems.

(1} The National Guard requires some additional documents on
the ONMPF (not provided for in AR640-10), primarily due to its retirement
system. Although the same organization of the microfiche is used, the infor-
ration maintained may rnot be completely compatible with the other sites.

(2) The volume of records is growing (accessions over separ-
ations) at a rate of approximately 2,000 per year. The National Guard believes
this has occurred primarily from additional enlistments as a result of the
poor economy; this growth is expected to change as the economy improves.

(3) A number of environmental problems affect image quality
and operations. Office temperatures have reached cver 90° in the summer;
however, addition of a new air conditioner is planned. Humidifiers are also
utilized in the winter to prevent humidity from going below 20%. In additicn,
it was observed that the room is extremely roisy, no carpeting was in place
and the Yayout is not optimal for efficient workflow.

(4) The microfiche operation has a backlog of approximately
100,060 documents; much of the tacklog resulted from conversion to new system
procedures.

(5) Computer accession rosters are provided to the National
Guard in alphabetical order, requiring that accession records be first sorted
in alphabetical order for comparison with the roster. The reccrds must then
be sorted in M-address order for filing after filming.

(6) Records filmed on the micrefiche may rot always be complete.
For instance, the states still have in their possession some OMPF records.
When the individual was in the active Army, RCPAC and MILPERCEN should have
already created & microfiche containing documents appropriate for the National
Guard's OMPF file.

(7) Information related to inter-service transfers must be
handled marually since the function is not currently performed by a computer.

(8) The National Guard purchased carriers for the microfiche

without encoding. Substantial staff time is required to encode these carriers
by hand.
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(9) The M-address has been typed on the microfiche label along
with the name and Social Security Number. This may create problems if the
original fiche is sent to another installation, utilizing a different M-address.

(10) The Mational Guard has maintained a manual card fije
including the date of separation, date of separation order, anc other related
information. New separation records will be maintained on the computer
system; the staff has expressed an interest in converting these several
hundred thousand cards into a computer-readable format.

(11) When a request is received, it is difficult to determine
whether the record is on microfiche, still in paper form, or has been sent to
an outside contractor for conversion.

(12) A serious question exists regarding the creation of a
centralized OMPF file for the enlisted records maintained by the states. The
Army considers the state 201 file to be a federal record, subject to the
Federal Privacy Act, while the states wish to retain control over this infor-
mation. Pilot projects are now being developed to convert the over 300,000
enlisted records maintained by the states.

(13) Some of the updatable microfiche have lost their updating
capabilities. When this problem occurs, paper prints are made of each image
and the record refilmed with an associated reduction in image quality.
(Applicable to all sites.)

(14) The National Guard continues to receive many documents
which are not appropriate for inclusion in the OMPF file under AR640-10.

1.2.4 Reserve Component Personnel Administration Center (RCPAC)

(a) Background. RCPAC 1is unique among the personnel records
facilities in that they have responsibility for managing reserve records as
well as inactive records generated by the other components of the Army. Some
records maintained or processed by RCPAC include the following:

- Records of the Troop Program Unit Personnel (TPU)

- Records of individuals separated from the Army with
Reserve obligation

- Records of individuals discharged from the Army with no
Reserve obligation (original microfiche only)

- Records of individuals transferred from the National Guard
to the Reserves

- Records of retirees from the Army

A11 records related to any of these responsibilities are handled and processed
by RCPAC. Records for individuals completely discharged from the Army or
deceased veterans are subseauently transferred to the Naticnal Personnel
Records Center (NPRC).

When an individual is separated, discharged, or retires from the Army, the
MPRJ (Military Personnel Records Jacket or 201 file containing medical records
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and other non-OMPF documents) is sent to RCPAC for processing along with the
OMPF microfiche original. Since RCPAC is required to maintain the records of
individuals in the Reserves, with Reserve obligation, or retired from the
Army, RCPAC maintains a dual paper and microfiche system to meet its
responsibility (paper MPRJ/microfiche OMPF).

{ RCPAC has not yet converted all of its Reserve records to the OMPF microfiche
system, Since RCPAC did not participate in the original RAMZ project, conver-
sion funding has been difficult to obtain. Conversion has diverted staff from
daily operations. An outside contractor has assisted in the conversion
process.

(b} Findings and Problems. The following problems were identified
during the review of operations at RCPAC:

(1) RCPAC receives the separation packet (MPRJ plus original
microfiche) sent from EREC or MILPERCEN shortly after the DD214, separation
form, has been processed by those installations. After receipt of the packet,
however, additional documents may be sent to RCPAC which must be added by
RCPAC to the updatable microfiche original. The management of these documents
interferes with the orderly processing of records at RCPAC.

(2) RCPAC must maintain a dual filing system--a paper filing
system for the MPRJ and a microfiche file for the OMPF.

(3) RCPAC must maintain records of retired individuals with
other active (not discharged) MPRJ's. These retiree records occupy a great
deal of space and interfere with the orderly processing of the active records.
The majority of activity affecting these files occurs within the initial two
years after retirement. The Navy, Marines, and Air Force have transferred
retired records to NPRC for maintenance; the Army has reauired RCPAC to
maintain retiree records under the philosophy that the Army "takes care of its
own retirees." NPRC could maintain these records if the philosophy changed,
but would require additional space, staff, and an adequate budget.

(4) RCPAC must manage the micrographics system with an extremely
small staff, considering the volume of records. Additional staff positions
have not been approved.

(5) TAG unsuccessfully experimented at RCPAC with the concept
of a microfilm data base with digitized image transmission during the Advanced
Micrographic Access and Retrieval System (AMARS) project. This project failed
primarily due to mechanical problems, poor image quality, and the requirement
that duplicate microfiche be made for the system each time the original was
updated. These problems must be overcome in any future digital image tech-
nology system developed. (Note: The AMARS project represents an early
attempt at microfilm-based transition technologies discussed in Chapter 4 and
bears Tittle resemblance tc the digital image technclogy discussed in
Chapter 5.)
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(6) Although the Access-M units can be controlled by the IDCS
computer, changes in the software program are required to fully benefit from
this capability. Currently, the computer program sorts M-numbers by units,
but does not sort to an individual cartridge. The computer system also does
not control batch management or retrieval for enlisted records.

(7) The adhesive from some of the microfiche labels sometimes
get on the reader's glass platen during inspection, are transferred to the
microfiche, and must be manually cleaned. (Applicable to all sites.)

(8) A substantial number of microfiche being requested (up to
40%) could be out-of-file for updating or duplication. This lag in turnaround
time creates severe problems when new requests are received. No adequate
method has been developed to re-process these requests when the microfiche is
refiled.

(9) While M-units are used for officer records, Lektrievers
are used for enlisted records. Records must be retrieved by hand within the
power files' trays, and misfiles occur fairly frequently,

(10) White light exists in the areas where the power files are
maintained; the white l1ight has turned the top of several microfiche to a gray
tone, and may be affecting the updatability of the microfiche.

(11) No quality control has been provided for the microfiche
duplicates. The D-min for one duplicate examined was .48 and the D-max 1.58.
Poor duplicates results in poor paper prints and makes reading the information
difficult.

(12) The activity of the original microfiche records appears to
be substantially higher than the estimates made during the RAM2 project for
MILPERCEN and EREC. As such, the original film is subjected to much more
harmful 1ight than was anticipated and may lose its updating capabilities
while the record is still active.

(13) Some delays in operations have resulted from delays in
servicing equipment by company representatives. Due to the volume of equip-
ment on site and the cost of maintenance contracts, on-site maintenance may be
justified.

1.2.5 National Personnel Records Center (NPRC)

(a) Background. The NPRC is responsible for the maintenance of
records for all individuals discharged from the Army and for all deceased Army
veterans. The original updatable microfiche for discharged officers and enlisted
men are also maintained by NPRC at their Winnebago site. RCPAC transfers
microfiche to NPRC once per year. NPRC responds to questions related to all
records within its custody. In 1973, approximately 17.5 millicn military
records for veterans discharged between 1912 and 1959 were destroyed by fire
at NPRC.
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(b) Findings and Problems.

(1) Although NPRC responds to all requests for information
from records in its custody, requests for changes to the microfiche are
transferred to RCPAC for response. This places an additional burden on RCPAC
persornel and adds an additional level of records handling.

(2) The duplicate microfiche copies maintained in NPRC's paper
files (for cases where microfiche was created) often are poor quality. These
duplicate copies are difficult to read and make poor quality prints on the
reader-printer,

(3) The reader-printer at NPRC produces negative prints from a
positive image. Users prefer positive prints.

(4) NPRC maintains a large storage area for records of dis-
charged personnel. Although a water sprinkler system and cther improvements
have been added since the fire, these records are still susceptible to damage
because these records may be the only copies in existence (except for the OMPF
rmicrofiche where it exists). Substantial hardship to both individuals and the
Army could result if these records were destroyed.

1.3 SYSTEM USERS REQUIRING OMPF INFORMATION

1.3.1 Selection Boards/Secretariat

Selection Boards (referred to as "Boards" in this report) are responsible for
reviewing military records and making decisions related to promotion, special
training, and educa*ion. Prior to the meeting cf the Board, a 1ist of candi-
dates is prepared and presented to the appropriate personnel records facility.
The 1list or roster is then used to retrieve and duplicate the P-fiche compo-
nent of the OMPF. Some installations, such as RCPAC, provide copies of the
microfiche to Career Management persornel prior tc the meeting of the selec-
tion Beard in order to ensure that the OMPF record is complete; updates to the
P-fiche are then made prior tc the Board review. Documents received after
microfiche duplication are provided to the Board in paper format.

The Boards consist of a group of high-ranking Army personnel; the makeup of
each boerd is dependent upon the nature of the activity involved and the
number of candidates to be considered. The Board members generally convene at
a centrel site for several weeks' duration to review the candidates' micro-
fiche and render their decisions. Boards are generally divided into smaller
panels consisting of at least three individuals who gererally review ali
records for a particular militery occupational specialty (MOS). Roard members
have indicated the importance of meeting together in order to exchange infor-
nation in areas of expertise and to isolate themselves from the interruptions
and potential influences at their home bases. (Note: A+ the begirning of
this project, the Army expressed an interest in developing a system for the
OMPF which would enable individuals on Boards to remain at their home bases.
The overvwhelming opinion of the Beards clearly indicate the necessity to meet
together.)




Each facility provides special rooms for the Boards to meet. Microfiche
readers are provided to each individual on the Board. (See Section 3.3 for
further analysis on readers and related equipment.) Secretariat personnel
provide administrative support to the Boards and ensure that each Board member
has a sufficient number of records to review each day.

Chapter 2 summarizes the results of a questionnaire administered to Boards at
the four installations. The questionnaire was prepared to provide quantita-
tive information regarding the scope of problems experienced by the Board as
related by Board members, Secretariat staff, and other military personnel.
The responses to the questionnaire and the ultimate conclusions are critical
in determining new directions for the OMPF system since Board decisions
related to promotion and advancement of individuals have a major influence on
the quality and the readiness of the Army. The existing microfiche system 1is
only a tool to assist and facilitate the Board process, and should in no way
influence or alter the ultimate decision.

1.3.2 Promotions Branch

After the Boards meet and render their decisions, the records reviewed by the
Board for individuals not selected are maintained by the Promotions Branch.
The Promotions Branch maintains computer records, paper records, and micro-
fiche records representing the administrative processes followed and the exact
records reviewed by the Board. This material rust be kept for long periods of
time in case the Board's decision is appealed. Currently, there is no statute
of Timitations on appeals, although a bill designating a five-year statute of
limitations is now pending in Congress. As a result, appeals could be brought
at almost any time. A successful appeal may impact the decisions of one or
more Boards.

1.3.3 Career Management Branches

The Career Branches are responsible for assigning individuals to new duty,
assisting individuals in improving and developing skills and experience and
ensuring that the Army has the qualified individuals necessary to perform
designated tasks. The Branches maintain files for each individual consisting
of some administrative documents and some documents, such as evaluation
reports, which are duplicates of documents filed in the OMPF system. In fact,
a copy of the latest OMPF microfiche is also maintained in the paper file with
the other documents.

The paper records system cf the Career Branches serves a valuable function.
Periodically, an original updatable microfiche must be reconstructed. When
this occurs, the original evaluation reports are used to produce the new
microfiche. This approach is far superior to making paper prints from micro-
fiche and refilming on a new fiche. This also provides some degree of security
backup to the original microfiche. On the other hand, it appears wasteful to
have duplication in the filing systems.
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CHAPTER 2. EVALUATION OF EXISTING OMPF MICROGRAPHICS SYSTEM

This chapter provides the overall assessment of the Army's OMPF microfiche
system, including system evaluation criteria, Board questionnaire results, and
an overall assessment of the system.

2.1 SYSTEM EVALUATION CRITERIA

Figure 2.1 indicates the System Evaluation Criteria developed as part ~f this
project and the score attained by the existing system. The final criteria
resulted from review of questionnaires completed by both the Project Committee
and the Project Staff, interviews with Army personnel and vendors, and the
assessment of the existing OMPF microfiche and potential alternative systems.

The components of the evaluation criteria are as follows:

- Weight: the importance of the criterion in evaluating the system.
(Maximum weight is 5 indicating "very important;" minimum weight is
1 indicating "not important.”)

- Score: rating value for each criterion in terms of how well the
system meets the criterion. (Maximum score is 5 indicating
"excellent;" minimum score is 1 indicating "poor.")

- Weighted Score: the result of multiplying the Weight by the Score.

- Adjusted Score: each criterion has been included into functional
groups of related criteria. The 10 functional groups were developed
to help compare broader topics (instead of 37 individual criteria)
and to permit the use of an unlimited number of criteria in each
group, without unfairly skewing the results.

Each group score or "Adjusted Total" was developed by using the
average Weighted Score and adjusting that score by the average
Weight of the group. For example, the "Image Quality" and the
"Security" groups had an average weight of 4.67. The average
Weighted Scores of these groups were adjusted so that a maximum
score of 100 was possible. The Adjusted Totals for these groups
were less than 100, only because the average Score for each group
was less than 5. The other group scores were similarly adjusted, so
that the Tow rated group, "Environment," could have achieved a score
of 48, at best.

The ranking of the functional groups clearly indicates the signifi-
cance of the group in future system selection.

The Weighted Scores (for individual criteria) and the Adjusted Scores (for
functional groups of criteria) will be compared in Chapter 6 with the evalua-
tion for both the micrographic-based transition technologies and the digital
image technology.
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Figure 2.

1 Evaluation of Existiing OMPF Microfiche System
Based on System Selection Questionnaire.

Weighted Adijust.

System Selection Criteria Weight Score Score TJotal
Image Quality
a. Readable image 4,67 3.00 14.01
b. Ability to delete error/image 5.00 1.23 6.25
c. Ability to resequence images 4.67 1.50 7.01
d. Ability to enhance poor images 5.00 1.50 7.50
€. Acceptable reproduction of photo 4,00 1.50 6.00
ADJUSTED TOTAL 32.61
Security
a. Backup for data and images 4,67 4.00 18.68
b. Restricted access to information 4,67 2.295 10.51
ADJUSTED TOTAL 58. 40
Integrity
a. Ability to retain image 75 years 4,00 1.67 &.68
b. Safeguards to prevent lost info. 4.33 2.350 10.83
ADJUSTED TOTAL 31.24
Reliability/Maintenance
a. Reliability of system 4,60 3.33 15.32
b. Responsive vendor support and 4,00 4,00 16.00
maintenance
ADJUSTED TOTAL S57.70
Image Creation/Management
a. Rapid image capture 3.67 2.33 8.55
b. Rapid information retrieval 4,30 2.00 8.40
c. Ease of updating record 4,00 3.67 14.68
d. Ease of retrieving information 4.67 2.33 10.88
e. Ease of indexing 3.50 3.33 11.46
f. Ease of making backup 4,00 1.33 5.32
g. Minimal filing/bhandling of record 2.30 2.00 4.60
h. Potential to reduce human errors 4.00 3.33 13.32
i. Minimal human intervention 4.00 2.33 9.32 °
)
ADJUSTED TOTAL 31.67
.1
1
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Weighted Adjust.
System Selection Criteria Weight Score Score Total

System Devel opasnt

a. Use of proven technology
b. Flexibility to develop new systess

3 2.67 8.89
4
€. Minimal disruption of current 3
3
4

33
00 2.33 9.32
&7 2.50 9.18
system during conversion

d. Potential for paperless office &7

@. Potential for automatic extraction 00

of data from images

4.33 135.89
2.50 10.00

ADJUSTED TOTAL 34.09
Dissemsination/Use ®
4. Rapid transaission of images 3.00 1.33 3.99
between sites
b. Rapid access to images by users 3.47 2.33 8.55
€. Ability to retrieve images while 4.00 1.33 5.32
record is being updated °
ADJUSTED TOTAL 18.15
Personnel
a. Minimal staff size 2.67 2.33 6.22
b. Minimal staff training 3.33 3.33 11.09 »
c. High job satisfaction 2,67 2.33 6.22
ADJUSTED TOTAL 19.42
Cost
®
a. Low system conversion cost 2.67 2,33 6.22
b. Low system operating cost 2.60 2.33 6.06
ADJUSTED TOTAL 13.86
]
Environsent
4. HMinimal space requiresents 2.33 2,67 &6.22
b. Minimsal noise level 2.00 2.350 S5.00
c. Comfort of working environment 2.33 3.25 7.57
®
ADJUSTED TOTAL 11.92
TOTAL 309.06
° ]
® ®




2.2 BOARD QUESTIONNAIRE

Figure 2.2 provides the results from a questionnaire completed by 116 Board
members, some from each of the four sites. This questionnaire was developed
in order to confirm selected comments received by the Project Staff during the
course of this project. Some of the concerns raised in interviews and through
second-hand comments raise sufficient concerns to warrant a more exhaustive
examination.

The Secretariat staff who administered the questionnaire expressed concern
regarding the phraseology of some questions. The phrases used in this ques-
tionnaire were deliberately selected in order to elicit responses of a specific
rather than a general nature. Project staff also used two questions, in some
cases, to either verify a response, isolate a specific problem, or separate
responses representing personal opinions versus trends believed followed by
Boards. Additional questionnaires are welcome to further explore the impact
of the micrographic system on Boards.

Due to the importance of Boards and the significart responsibilities of the
individuals involved, the conclusions from this questionnaire are particularly
significant:

- Most Board members prefer the microfiche to the paper records.

- Blacked-out images on the microfiche may be considered by a signifi-
cant number of Board members in evaluating a record.

- Filming errors on the microfiche slow down the review of most Board
members.

- Most Board members believe some information included on the micro-
fiche, especially letters of appreciation, are useless for the
evaluation.

- Most Board members indicated that their eyes are tired after review-
ing the microfiche records all day; the cause of this problem may be
the bright background of the positive image or something else. A
significant number of comments indicated that the microfiche readers
and work stations may be responsible for fatigue.

- A significant number of Board members indicated that they would
prefer a paper photograph rather than a microfiche image of the
photograph.

- Many Board members, in the comments, expressed concern regarding the
quality of images produced in the system.

2.3 OVERALL ASSESSMENT

While a number of significant problems exist in the system (see Section 2.4),
the sysiem must receive a good evaluation overall. Some positive conclusions
related to the overall system are as follows:

2-2
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The decision of the RAMZ committee was correct to cenvert to an
updatable microfiche system with automated retrieval equipment. In
1975, the RAMZ committee completed an exhaustive review of the
existing OMPF system and alternative systems available at that time.
Considering the alternatives that were available, the updatable
microfiche approach using the A.B. Dick System 200 and Access-M
retrieval equipment appears to have been a good decision considering
the total system benefits.

The existing microfiche system performs better than the previous
paper system. Almost everyone interviewed during the course of the
project firmly believes that the microfiche system is substantially
better than the paper system. Minimally, the conversion to the
microfiche system forced the Army to clean up the OMPF file, destroy
valueless documents, and develop streamlined procedures. Due to the
existence of the microfiche system, the conversion to any future
system can be completed more quickly, more accurately, and at less
cost. Only two or three individuals among those interviewed at all
four sites would prefer to return to the old paper system.

The microfiche system meets the Army's needs. The microfiche system
has enabled the Army to provide better information in less time to a
wide assortment of users. The integrity of the OMPF file is also
preserved, since only authorized personnel get access to the original
records and it is much more difficult to lose information in this
system compared to the paper system.

The microfiche system will enable the Army to function during the
timeframe 1985-1990, but problems will continue to exist over that
period. With the changes to the microfiche system recommended in
Chapters 3 ard 8, the Army can continue to effectively function with
the existing system for several more years. The probliems evident in
the system, however, will continue to worsen, and become more acute
and troublesome in the late 1980s. Some reasons for the system
deqgradation are as follows.

- Some problems evident in the existing microfiche system cannot
be solved other than through a complete conversion to a new
system. (See Section 2.4.1.)

- Some Army needs are not being fully met by the microfiche
system. (See Section 2.2 for Board concerns.)

- Based on current technology, system services and capabilities
can only be marginally improved at best. (See Chapter 3.)

The original micrefiche cannot be used in future system development;
the original microfiche, however, can be converted into a new format
for use with the new technologies. Although several vendors have
touted the use of microfiche as a data base for the micrographics-
based transition technologies, the original updatable microfiche
probably cannot be used that way due to its delicate nature. As
such, the original microfiche will have to be converted into some
other form (probably digitized) for use in future systems.
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2.4 PROBLEMS WITH THE EXISTING SYSTEM

This section is divided into two components. The first part indicates prob-
lems with the existing system which cannot be resolved. The second part
indicates problems for which appropriate solutions are available.

2.4.1 Problems for Which No Solution is Available

The following problems represent the most serious ones related to the existing
system. No solutions have been discovered to resolve these problems, other
than total conversion of the microfiche system to another system, such as
digital image technology. These problems cause severe difficulty with system
operation and have an apparent negative impact on the use of OMPF information,
especially by the Boards. As such, these problems represent the primary
reason why the Army should convert to another image processing system by the
late 1980s.

(a) Inability to Erase and Resequence Images. The A.B. Dick System
200 original film cannot be erased at all. In some instances, camera operators
superimpose the word "vaid," "error," or other similar word to signify that an
image should not be considered when reviewing the film. This approach is used
for operator errors, camera problems, documents out of sequence, documents on
the wrong microfiche, documents out of registration, and other problems
related to the microfiche. An alternate method is to black out the image
compietely.

As a result of the inability to erase, the microfiche is difficult to review
in some cases. The results of the Board questionnaire in Section 2.2 clearly
indicate that the review of microfiche records by the Board is slowed down
substantially by these problems. Considering the cost for constituting a
Board and the additional strain placed on these individuals by errors on the
microfiche, this problem results in economic loss to the Army as well as
potential loss of efficiency in the decision making process.

(b) Degradation of Updating Capabilities of Updatable Microfiche.
While there appears to be no evidence indicating that the updatable microfiche
image will fade or deteriorate over time, there is now substantial concern
regarding the loss of updating capabilities of the film over time. Each time
the original microfiche is exposed to 1ight, room lights, readers, or duplica-
tors, the updating capability of the microfiche degrades to sume degree. Even
though blue lights are used to filter out damaging light waves beiow 4,000
angstroms, any exposure to light will have some degrading tendencies. A.B.
Dick has indicated that the film is expected to retain its updating capabil-
ities for 20 years under normal office environment. Since it is readily
accepted that the Army environment is not normal and that the film is exposed
to more light than is normally expected, the microfiche will lose its updating
capabilities much sooner. Some incidents of loss of updating capabilities
have been discovered for original film less than 8 years old; no information is
available on the actual usage and handling of the original in those cases.

An unscientific artificial aging test was performed by the project staff which
demonstrated that images can be placed on the microfiche at density levels
much below standards, after the microfiche updating capability has degraded
substantially. (See Section 3.1.1 and Figures 3.1 and 3.2.) No method exists
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to test each individual microfiche prior to filming, to determine the degree
of degradation of its updating capabilities that has already occurred. It can
be expected, therefore, that in several years, images will be filmed on the
microfiche in areas where the upgrading capabilities have degraded signifi-
cantly; inspection operators will have no means to determine that the density
of these images is in fact substandard, other than by visual means. It may be
several years before it is finally determined that a particular original has
lost its updating capabilities. By that time, several images will already be
on the fiche which may duplicate pooriy or not at all.

Besides concern for the quality of the image, this problem also creates
serious operational problems. Whenever an original loses updating capabilities,
paper prints must generally be made of the documents, or existing paper copies
obtained (when they exist) from the Career Management Branch or the individual.
The microfiche is then reconstructed on fresh film so updating can continue.
The reconstruction process is expensive and time consuming, and results in
poorer overall image quality, especially if reader-printer paper prints must

be used.

(c) Slow System Speed. The speed of filming and retrieval is
limited by the speeds of the A.B. Dick System 200 camera processors and the
Access-M retrieval units. Since 1976, A.B. Dick has not made any significant
improvements in the speed of their camera processor. The Access retrieval
system speed may be improved through the use of computer control and the
Automatic Delivery System (see Section 3.5); but the speed will still be at
least 10 to 15 seconds per carrier because of the relatively slow rotational
speed of the cartridge and electromechanical ejection system.

(d) Inability to Adequately Reproduce Photographs. Most instal-
lations have stopped microfilming the photographs because of poor reproduc-
tions on the updatable microfiche original and subsequent duplicates. The
Boards are currently provided paper photographs instead. The updatable
microfiche technology simply does not allow the contrast and gray scale
required for photogrephs.

(e) Lack of Simultaneous Access to 0-‘ginal Microfiche During
Update and Duplication. A number of requests fo: the original microfiche are
received when the original is "out-of-file" for updating or duplications.
Procedures have been developed, such as utilizing the evaluation report to
drive the update, to reduce the out-of-file conditions. Whenever a request
for information from the OMPF file is delayed because the original is out-of-
file, there is an impact on the productivity and quota requirements of the
requestor.

(f) Duplication Requirements for Distribution of Information. The
original microfiche must be duplicated prior to distribution of information to
users; this may require several days due to the backlog of work and result in
an out-of-file condition for the original, In addition, the quality of dupli-
cates does not appear *o be adequate to convey the information provided in the
original. (The problem of poor duplicates can be corrected, however, through
the recommendations provided in Sections 3.2 and Chapter 8.)

(g) Requirement for Human Intervention at Each Stage of the Process.
The nature of the updatable microfiche system requires that humans be involved
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in handling the original fiche during pre-inspection, filming, post-inspection,
duplication, etc. In most cases, while the task performed requires some
judgment, the actual handling of the microfiche does not. Due to the delicate
nature of the updatable microfiche, however, robotic devices cannot be used
for handling the original fiche.

2.4.2 Other Problems and Concerns

The following problems represent only a few of those encountered during the
course of the project. Several solutions are provided in Chapter 3 and
Chapter 8 of this report.

- Readers and reader-printers are often dirty and some are poor
quality.

- Positive duplicates produce poor prints in most reader-
printers.

- The camera processors, retrieval units, and original film are
only available on a sole-source basis. This could create a
substantial problem if either A.B. Dick or Access should go out
of business.

- Some labels smudge with handling and duplicate poorly.

- No standard procedures manuals exist to ensure uniformity,
train staff, and insure continuity of the system.

- Many jobs are entry level or low-paying jobs. OMPF files,
however, are extremely important records upon which the careers
of individuals and the success of the military is dependent.

- Fingerprints are sometimes accidentally placed on the original
microfiche, requiring cleaning.
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CHAPTER 3. MICROGRAPHICS TECHNOLOGY ISSUES RELATED TO EXISTING SYSTEM

This chapter discusses the major micrographics issues related to the existing
OMPF microfiche system. Each major cumponent of this technology is reviewed
below.

3.1 MICROGRAPHICS IMAGING SYSTEMS

3.1.1 Updatable Micrafiche

The existing OMPF microfiche system utilizes A.B. Dick System 200 updatable
microfiche and camera-processors to produce a unit record. Updatable
microfiche was selected primarily because all images related to a personnel
record could be maintained together, additional images could easily be added
to the microfiche, and production is simplified compared to traditional
microfilm. Many of the major problems with the existing system described in
Chapter 2 are attributable to the updatable microfiche technology. Some of
the technology's limitations are as follows:

- System Sgeed. Images can be added to the updatable microfiche in
the Army's production mode at a maximum rate of approximately 22-27
seconds per image (including paper handling, microfiche handling,
exposure time, and system operation).

- Delicate Nature of Original Film. Original microfiche is easily
scratched or damaged with improper handling. A scratch can inter-
fere with the electrical conductivity of the film and prevent the
addition of new images. As such, the original must be protected in
the plastic carrier, precluding the use of a more automated retrieval
device.

- Lack of Erasing Capability. The microfiche image cannot be removed
or exposed in case of expungement or error, nor resequenced in case
of errors or receipt of subsequent out-of-sequence documents.

- Loss of Updating Capabilities. Although there is no present concern
regarding the loss of actual images, the film is sensitive to light
and its updating capability degrades with each subseguent exposure
to light. Figure 3.1 shows the expected degradation curve for
updating. The figure indicates that at some future activity level,
the film will degrade to a point where an acceptable image cannot be
obtained. Images produced just prior to the loss of updating
capabilities may also be inadequate. No known method exists to
properly test the film for the status of its updating capabilities,
prior to filming.

An unscientific test was conducted to determine the effect on image
quality when the updatable microfiche began losing its updating
capabilities. Figure 3.2.2a and 3.2.b are pictures made by an
electron microscope showing the changes taking place in the A. B.
Dick updatable microfiche as a result of exposure to light.
Figure 3.2.a contains pictures no. 1, 2, and 3 (taken at magnifi-
cations of 54X, 200X and 1000X, respectively) taken of a resolution
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Figure 3.2a. Pictures of

A. B. Dick System 200 Master
Updatable Microfiche Exposed
to Normal Light.




Figure 3.2b. Pictures of

A. B. Dick Syster: 20C Master
Updatable Microfiche Exposed
to Intense Light Prior to
Producing an Image.




target from an image on the original microfiche with good resolution
and contrast. Picture no. 3 shows film exposed to Tight under
normal operating conditions (the large white spot is a speck of dust
used for focusing). Figure 3.2.b are pictures no. 4, 5 and 6 (also
taken at magnifications of 54X, 200X, and 1000X, respectively) taken
of a different resolution target Tocated in a place on the micro-
fiche where the microfiche was exposed to intense light for several
hours before the image was filmed; the D-max of the density target
for the image was 0.72. The large white spot on photos 1, 2 and 3
is a dust particle and was used for focusing. It is apparent that
photos 1, 2 and 3, made of film with good resolution and without
significant exposure to light, have a uniform, fine grain texture at
all magnifications. Photos 4, 5 and 6 suggest that some form of
major recrystallization has taken place after prolonged exposure to
light. Photos 5 and 6 show some portions of the film have retained
the uniform, fine grained texture, but that several forms of recrystal-
lization have taken place over most of the film. The white bright
spots on photos 5 and 6 appear to be nucleation points, where
recrystallization is extreme. With continued exposure to light, it
is anticipated that these centers of recrystallization will expand
in size and seriously affect the updatability of the film.

The A.B. Dick System 200 updatable microfiche system has enabled the Army to

streamline operations and to simplify the maintenance of the OMPF file. While

some deficiencies exist relating to the existing system, no other updatable

microfiche system nor unitized record system described below, nor any other

micrographics system discussed in Chapter 4, offer sufficient advantages over -
the existing system to warrant conversion. Digital image technology discussed
in Chapter 5, however, may offer significant advantages once the technology is
perfected.

3.1.2 Alternative Updatable Microfiche Systems

There are two additional updatable microfiche systems available in the market-
place which were considered as part of this project. Both are described
below, although neither is recommended to replace the existing system.

(a) Microx. The Microx system, developed by Bell and Howell, is an
updatable microfiche system that has been available for several years. The
system has the following features: 1

- The image is "embossed" on the surface of the film.

- Imaging cycle time is approximately 10 secends or, similarly, 22-27
seconds including document handling.

- The image is erasable by remeiting the appropriate imege on the .1
microfiche. Approximately 4% seconds is required to erase the image
prior to subsequent exposure.

The Microx updatabie microfiche system should not be considered by the Army,
however, for the following reasons: 1
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- Although the erasability feature is attractive, the feature would
only be appropriate to erasing images due to expungement or operator
errors. Unless a new image is placed in the same location as the
erasure, blank images will result, probably having the same impact
to Boards as blacked-out images. In addition, unless the original
documents exist or an excellent quality reader-printer copy is
produced (generally not possible with the reader-printers currently
being used), the erasing feature will not be adequate for resequencing
documents. The erasing capability, therefore, only resolves minor
problems with the existing A.B. Dick System 200.

- Although a key can be provided to prevent unauthorized erasures, it
is still possible to accidentally erase the wrong image.

- The system is incompatible with the A.B. Dick technology, requiring
complete conversion of camera-processors,

- The system is no faster than the A.B. Dick system.

(b) Ovonics Series 7000/7010. The Ovonics system has been tested,
but not marketed, by several companies over the last eight years. The reasons
for the failure of this technology in the marketplace have never been clearly
defined. The technology has the following characteristics:

- The film is light sensitive, updatable, but not erasable.

- The cycle time is 7-9 seconds, actually no better than A.B. Dick
wher document handling is included.

- The model 7010 can accept digital images at 9600 baud (bits per
second) by an RS232C interface.

The Ovonics system does not appear to offer any significant advantages over
the A.B. Dick system and should not be considered.

3.1.3 Alternative Unitized Microfiche Systems

A unitized microfiche record can be created by at least two methods other than
updatable fiim. Although neither method is recommended in place of the
existing system, they are described briefly below for completeness.

(a) Strip-up System. The Navy and the Air Force utilize a "strip-
up" system to create their unitized personnel records. This approach and
jacket systems were the only ones available to the Air Force in 1972; updat-
able microfiche was not available commercially until 1975,

A unitized record is produced in the strip-up method from traditional silver

halide roll film, Images are filmed in the order received on roll film, with
an adhesive backing added. Under computer control, each individual frame is

cut from the roll, and placed in the proper grid location of the appropriate

microfiche, creating a unit microfiche record. Some of the advantages of this
approach compared to the updatable microfiche approach are as follows:
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- Errors can be corrected, images can be erased or resequenced without
refilming.

- The film used consists of traditional silver halide technology which
can achieve archival quality.

- Medium and low contrast film can be utilized to produce an excellent
quality reproduction of the photograph.

- Negative microfilm images are utilized which produces negative
images with a diazo duplicate (less screen glare when reading) and
better quality reader-printer copies.

Several disadvantages exist with this technology:

- Since the resulting microfiche is substantially thicker than the
updatable microfiche (due to the thickness of the polyester base.
adhesive strip, and microfilm), two to three times more Access-M
units would be required for storage of the same number of microfiche.

- Record integrity may be compromised since images are relatively easy
to remove and could potentially fall off over time. It is unclear
whether the adhesive used in the strip-up process is archival or
will last at least 75 years.

- The system is extremely labor-intensive, requiring many more steps
and a sophisticated computer control system.

- Conversion to new equipment would be extremely expensive.

(b) Film Jacket Systems. The film jacket system functions somewhat
similarly to the strip-up system, except that rather than attaching film
images to a polyester sheet, the film images are cut from roll film and
inserted into a thin plastic jacket. In most cases, only 60 images can be
placed in a 4" X 6" jacket, rather than 98 with strip-up or updatable micro-
fiche systems.

The film jacket system has many of the same advantages and disadvantages of
the strip-up system. In summary, however, the advantages don't warrant a
switch in technology.

3.2 DUPLICATION

An extremely large number of duplicates are made annually at all four sites.
Since users access the OMPF only through duplicate copies, the quality of
these copies are extremely important for the success of the entire OMPF
system.

3.2.1 Duplicators

There are now two primary manufacturers of high-speed microfiche duplicators
in the United States: Photomatrix and Conscolidated Micrographics (formerly

Bruning). Since the A.B. Dick 200 updatable microfiche is extremely delicate,
the original must be manually inserted in the duplicator for duplication,
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precluding the use of automatic feeders. When duplication using hand feeding
is compared, the relative speeds and quality of these duplicators are comparabie.

A1l four installations utilize the Photomatrix Model 800/820 duplicator with
manual feed. While poor quality duplicates are often produced, the problem
Ties more with the diazo film utilized, the lack of quality control procedures,
and improper temperature settings on the duplicators, rather than a problem
with the duplicators themselves. For the Xidex diazo duplicate film now being
used by the Army, the duplicator temperature should be set at 170°F (or the
temperature which produces the best results). In most cases, the installations
have been using temperatures up to 195°F, resulting in poor quality duplicates.

3.2.2 Duplicate Film

There are three types of duplicate films available: diazo, vesicular, and
silver. The Army currently uses diazo duplicates exclusively. Vesicular film
might be considered, especially for Boards, in order to reduce the brightness
of the screen image.

(a) Diazo Film. The A.B. Dick original microfiche consists of a
positive image--dark characters on a 1light background--similar to paper
documents. Diazo duplicates preserve the same positive image as the original.
This type of duplicate film has been used since the inception of the OMPF
microfiche project, primarily because the image on the screen appears similar
to a paper document, generally, resulting in greater user acceptance.

The major advantages of diazo duplication film are as follows:

Extremely high image quality, when properly prepared

Extremely scratch resistant

No darkroom requirements

The American National Standards Institute (ANSI) in PH 1.60-1979
established the standard for the preservation of photographic
records on film for a minimum of 100 vears when stored under
"archival" conditions, provided that the original images are of
suitable quality. It is believed that black dye diazo film can
achieve this standard. This period should be sufficient for the
retention of Army personnel records.

Some disadvantages of diazo film are as follows:

- The exposure speed for diazo film is typically slower than for
vesicular and silver,

- The development process for diazo film requires ammonia. Although
the use of ammonia for duplication is relrtively safe, ammonia leaks
can result and can be dangerous. Ammonia fumes were detected in
some installations visited. OSHA now enforces Regulation 1910.1000
(1968) which establishes an exposure limit to ammonia at 50 ppm
(parts per million) over 8 hours. In the future, the agency will
support a limit of 25 ppm over 38 hours as recommended by the American
Conference of Government and Industrial Hygienists.
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Regardless of the type of diazo film being used at an installation, several
problems were observed which relate to the poor quality duplicates being
produced.

- The D-min for duplicates now being produced range from .2 to as high
as .48. While it is expected that some D-min or background density
will be apparent for positive images, both Xidex and Novamedia
specifications indicate a D-min of no more than .05. Originally it
was believed that the high D-min resulted from the high D-min of the
A.B. Dick original (.3 to .48). Later it was determined that the
high duplicator temperature (up to 195°F) was primarily responsible.

- In order to maintain contrast with the high D-min now appearing in
the system, the D-max was also raised to the limit of the film's
capacity. When the D-min is too high, the image quality suffers as
small characters are filled in, similar to when too much toner is
used in a paper copier. Photographs, particularly those of dark
skinned individuals, lose their depth and definition when the D-max
is too high. Again, high duplicator temperature could be responsible.

- Some of the duplication problems may be related to the age of raw
diazo film stocks. With time, the D-max of most diazo film will
reduce substantially from original vendor specifications. This
could result in reduced contrast during the duplication process.

- It was determined that the duplicator temperature was being set much
too high for the duplication films being used. When the duplication
temperature was reduced to 170°F, as recommended by the Xidex
representative, extremely good quality diazo duplicate images were
produced.

- No installation had developed an effective inspection quality
control system for duplicate film. As such, users often receive
poor quality duplicates which subsequently creates problems with
readability of images and acceptability of the OMPF microfiche
system.

During the course of the project, samples of Novamedia diazo duplicate film
were compared with those of Xidex. The following conclusions were reached
during these tests:

- Good quality duplicates can be produced from both the Xidex and
Novamedia duplicate films, provided that the Photomatrix 800 dupli-
cator is adjusted properly for temperature and speed.

- The black dye diazo duplicate (either Xidex DEM 1I or Novamedia
BK-1) produce good contrast images and may qualify for the ANSI one
hundred year standard. Black dye diazo film is preferable to blue.

The Army should periodically review their duplication film. Samples from

various vendors should be tested and compared. The duplicate film selected
should produce the best quality image at a good (not necessarily the least
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expensive) price. Good quality duplicates are particularly important for
producing backup, security copies.

(b) Vesicular Film. The major drawback with diazo duplicate film
is the fact that it produces an image with the same polarity as the original,
i.e., positive duplicate from positive original. The results of the Board
questionnaire discussed in Section 2.2 indicate that Board members are suffer-
ing from eye fatigue. The bright light emanating from the background of the
positive image may be a source of the discomfort, although the questionnaire
indicates that the light may not be the cause. This should be confirmed by a
test.

Vesicular film is a polarity reversing film which would result in an image
with Tight letters on a dark background. Some of the benefits of a negative
image are as follows:

- Most studies have shown, and users confirm, that a negative image
results in less eye strain compared to a positive image, especially
when a reader is used for long periods of time. Most CRTs, score-
boards, and automobile instrument panels utilize negative images for
this purpose.

- Most reader-printers produce better quality positive prints (black
letters on a white background) from a negative image than from a
positive image.

While vesicular film offers some advantages for users such as Boards, there
are some negatives which must be considered.

- The resolution of vesicular film is substantially less than diazo or
silver. Although lower resolution may not be discernible to the
human eye, it may make a substantial difference in viewing images
where the original document was of marginal quality.

- The vesicular film has a tendency to fade over time if the exposure
time was too short or temperature too low. This is not a major
problem since the fiche will be used a short time after being pro-
duced and new duplicate copies can be readily prepared.

- The film is much softer than diazo and susceptible to scratching and
damage.

(c) Silver Film. Silver duplicate film was never seriocusly con-
sidered by the Army, although it will generaily produce a better quaiity
duplicate and better paper prints. Silver film is generally not recommended
for duplication due to high costs and potential damage to the image through
scratching. Silver duplicates of the original OMPF microfiche may be required
in the event that the testing of the A.B. Dick updatable microfiche proves
that images are fading over time. If archival quality duplicates are required,
however, black dye diazo duplication film may meet the ANSI 100 year period.
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3.3 MICROFICHE READERS

Microfiche readers are required to read the duplicate microfiche provided.
Some users, especially Boards, spend a great deal of time reading microfiche
on a reader; Bcard members may review up to 200 individual records per day for
several successive weeks. Consequently, the microfiche readers provided to
users should be of the highest quality and provide features to facilitate use.

Some of the desired characteristics of the microfiche reader include the
following:

- Rear projection screens should generally be used since they bring
the image closer to the user. Some individuals, however, have
complained about eyestrain and body fatigue resulting from sitting
in front of a rear projection screen all day. In addition, indivi-
duals wearing bifocals have particular problems since they must
tilt their head backwards. As such, it may be appropriate to
provide individuals with an option of using readers with front
projection, to enable them to maintain a more comfortable sitting
position.

- Dual page display should be provided so two pages, or the front and
back of one document (such as the evaluation report), can be dis-
played simultaneously.

- The magnification ratio of the reader should produce an image which
is the same size as the original document. -

- High quality optics should be provided for crisp images, from corner
to corner of the screen,

- Image rotation should be provided to allow easy viewing of diplomas,
certificates, and other documents filmed in cine mode. Light
intensity or brightness should be adjustable to enable the user to
select the most comfortable level of illumination.

- Dual carriers should be provided to allow easy viewing of recards
requiring more than one fiche.

- Microfiche carriers should operate smoothly with minimal fingertip
effort, yet remain motionless when released.

- Fanless cooling systems are preferred since they are quieter and
have less vibration.

- Focusing should be easy and precise. The reader should have a
floating lens to hold the focus at all parts of the microfiche.

- A dual iens capability shculd be provided to enable sections of the
image to be magnified for closer inspection; this is particularly
important for poor quality images.

- A screen hced should be provided to reduce glare from overhead
Tights.
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- A1l electrical and optical components of the system should be in a
drawer ("works in a drawer") to minimize down time and to facilitate
maintenance and cleaning.

~ The microfiche carrier should open automatically to facilitate
loading and unloading of microfiche.

- A11 controls (focus, brightness, etc.) should be conveniently placed
near the front of the reader.

While the above features are desirable, it is recognized that costs for
readers having all these features may be prohibitive, considering the large
volume of readers used by the Army. Special consideration should be given,
however, to those users who need the reader for long periods of time, and they
should be provided with the greatest number of capabilities possible.

In addition to reader features, an ergonomic work station should be provided
(see Figure 3.3), especially for Boards, since they read the microfiche for
long periods of time. Some characteristics of an ergonomic work station
include the following:

- Chairs should be adjustable in terms of height and back support.

- The reader stand should be adjustable in terms of height to enable
the user to sit comfortably with the top of the screen at eye level,

- The reader should be placed on a device which tilts and swivels to
enable the user to determine the most comfortable position. Tilt is
particularly important for those who wear bifocals.

- The desk or other work surfece provided should be 29" high and
provide sufficient space for all major activities to be performed.

3.4 MICROFICHE READER-PRINTERS

Reader-printers are used to provide paper prints of the microfiche image. A
high volume of paper prints are produced particularly at RCPAC and NPRC in
response to requests for copies of the DD-214 and other documents related to
separation from the Army. While some installations use Cannon Model 370
reader-printers, NPRC and others use 3M 800F dry silver reader-printers. The
former produces positive prints from a positive image, while the latter
produces negative prints from a positive image.

Reader-printers should have the following features:
- Capability of producing a positive print from either a positive or
negative image. A positive print is more acceptable to the general
public than a negative one and generally easier to use.

- Automatic exposure control to prevent poor quality prints or wasted
prints.

- Fast warm-up capability so that the first print produced is
acceptable.
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Reader should be on a stand which:

-rotates 360°

-tilts 10°- 15°

Top of image should be at eye level,

Surface on which reader stands should be crank adjustable.
Chair should have these features:

-swivel 360°

-5 legs, with casters

-waterfall front

-firm foam construction

-adjustable seat height, back height and back support.




- Plain paper prints are preferred to coated paper. While the costs
per print for dry silver and coated paper prints are $.10 to $.15,
the costs for plain pape - copies are $.03 to $.05. Plain bond paper
reader-printers, however, are much more expensive. The plain paper
print is much higher quality and more acceptable to the users.

Since only a few reader-printers are required, it is suggested that high-
quality reader-printers be obtained in order to provide high quality paper
prints when necessary.

3.5 COMPUTER SYSTEMS

Each installation maintains a computer system to identify the Access-M number
for each record and to perform other tasks. The computer systems at the
National Guard and RCPAC can directly control retrieval of records from the
Access-M units. The National Guard is equipped with the Automatic Delivery
System which will enable a specific carrier to be ejected from the cartridge
into a separate bin. The combination of computer-assisted retrieval and
automatic ejection of the carrier may represent an improvement in producti-
vity, especially for retrieval of records for Boards.

Information is transferred between sites, and between a site and the SIDPERS
system, through an exchange of magnetic tapes. This process is generally slow
and cumbersome, and direct access to information in other computers is now
impossible. Much more computer system integration is needed.

RCPAC also suffers from the lack of programming staff to modify and enhance
system software capabilities. As such, many functions which would substan-

tially improve the total microfiche system operation have not been implemented.

Even if software capabilities were improved, the existing computers may not be
able to perform adequately.
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CHAPTER 4, ALTERNATIVE MICROGRAPHICS SYSTEMS

This chapter reviews the alternative micrographic systems available to the
Army for the management of personnel records. Chapter 5 will review a substan-
tially different technology, digital image technology, which may offer solu-
tions to resolve problems with the existing micrographics system. Chapter 6
will present an analysis and comparison of the major alternatives presented in
this report.

In 1975, the RAM2 Committee evaluated all the available imaging technologies.
The selection of the current updatable microfiche with automated retrieval
equipment represented the state of the art for that time. Since then, a
number of vendors have developed advanced micrographics systems, some including
the capability of digitizing micrographic images and transmitting them electron-
jcally. These so-called "transition technologies" serve as a bridge between
the manual microfiim systems of the mid-1970s and the digital image technclogy
systems expected for the mid-1980s. As the analysis suggests, rather than
incurring the large cost of conversion to a mere transition system, the Army
can most effectively automate the personnel records system by improving the
existing micrographics system and converting to the new digital image tech-
nology in the future, when appropriate.

4.1 FACTORS FOR CONSIDERATION

Three major factors help distinguish between the four categories of micro-
graphics systems described in the chapter: file organization, method of
retrieval, and method of dissemination/use. Figure 4.1 describes the advan-
tages and disadvantages to the Army personnel system for each of these factors.

4.1.1 File Organization

The file itself can either be organized as a unit record or random access
system. A unit record system consists of all images or documents related to a
single personnel record maintained together. This is currently being achieved
using the updatable microfiche technology. A random access system would
consist of images or documents related to a personnel file maintained on
perhaps many different rolls of films or microfiche since all images in the
system are filmed chronologically on the next available frame in the system.
Indexes are required in a random access system, to locate the roll or micro-
fiche and frame number. Substantial time may be required to retrieve all
frames related to an individual record.

As a practical matter, the ideal micrographics system would include random
filming for updating the personnel file, combined with unit record retrieval
of the file. The combination of these two factors, however, cannot practically
be achieved through existing microfilm systems.

4.1.2 Method of Retrieval

The retrieval method consists of two components: the method used to locate
the particular roll or microfiche and the method used to locate the specific
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Figure 4.1

Comparison of System Factor for Micrographic Systems

Advantages

Disadvantages

File Organization

Unit Record

Random Access

Method of Retrieval

Fast retrieval for
entire record

No indexing required
(except once for
entire record)

Entire microfiche record
can be purged rapidly

Filming is faster

Image locations related
to a record can be
purged or the order
resequenced by the
changing index

No sort required for
incoming paper
documents

Manual

Low equipment costs

Few mechancial problems

Original must be retrieved
for updating

Difficult or impossible
to purge or resequence
individual images

Incoming paper documents
must be sorted

Images must be scanned
visually to locate
desired ones

Retrieval of entire
record extremely
slow

Indexing reguired for
each document filmed;
index required for
retrieval

Difficult or impossible
to physically purge
entire record from
the roll or microfiche

Microfilm storage require-
ments grow with time

High degree of human
intervention

High personnel cost
Slow retrieval

Increased probability of
error

Potential damage to
microfilm
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Figure 4.1 Comparison of System Factor for Micrographic Systems

Advantages

Disadvantages

Retrieval Method (cont.)

Automated

Method of Image Presentation

Optical

bigitized/Electronic

Reduced human inter-
vention

Lower personnel cost
Faster retrieval

Low probability of
machine errors

Low potential for
damage to microfilm

Low cost equipment

Figh quality image

Fast access
Multiple accesc
High level of accuracy

Original never out of
file

Original can be updated
while being read

Less human intervention

Duplication not necessary
1ot dissemination

High equipment costs

High probability of
mechanical problems
and down time

Duplicates must be made
for use

Duplicate quality less
than original

Multiple access to records
requires multiple
duplicates

Contention problem for
master--may be out of
file for update or
duplication when record
requested

STow access

Reduced quality image
(unless enhancedg

Expensive equipment

Potential for electre-~
mechanical failures

Pequires high speed
image transmission
rate
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image. The more sophisticated systems utilize computer control in conjunction
with electromechanical devices to locate the specific media and position the
roll or microfiche to the appropriate image. The less sophisticated devices
require some degree of manual intervention. Ideally, once the image has been
captured, the storage and retrieval system should enable the user to automati-
cally locate both the roll or microfiche and the image, without any human
intervention in the process.

4,1.3 Method of Image Presentation

The method of image presentation or display will vary based upon the sophis-
tication of the system. Manual systems will utilize optical projection
systems to enable users at a particular work station to view the image. More
sophisticated systems will digitize the microfilm image, transmit the image to

a remote location, and display the image on a high resolution graphics terminal,
COM device, or laser printer. The more sophisticated devices therefore do not
require the use or handling of the microfilm by the end user, permitting
multiple access, faster retrieval of information, and security for the system.

4.2 CLASSIFICATION SYSTEMS

In order to simplify the review of alternative micrographics systems, four
classifications have been developed:

Manual microfilm system

Computer-assisted retrieval (CAR) systems

Automated document storage and retrieval systems (ADSTAR)
ADSTAR systems plus digitized image transmission

Most systems now available in the marketplace fall into one of these four
categories, each category having specific characteristics which distinguishes
it from the others. Since all systems can be configured in a variety of
different ways, cost comparisons are extremely difficult. Figure 4.2 compares
the automated micrographic storage and retrieval systems.

4.2.1 Manual Microfilm Systems

Manual microfilm systems have been in existence since the 1920's. They
include the traditional roll film or microfiche systems managed without
computer control. Under most circumstances, records are microfilmed either in
some predetermined sequence (such as chronological or numerical order) or as a
unit record (such as an inactive case file). Indexing is generally performed
by scanning images on the microfilm until the desired image is located and
displayed on the reader.

The manual equivalent of the current micrographics system would consist of
updatable microfiche with trays, drawers, or shelves used for manual storage.
Personnel costs would be substantially higher with this approach, however, due
to increased time for retrieval and refiling of information, lost and misfiled
records, and greater movement of personnel within the system. As such, this
approach represents a step backwards for the Army and should not be given
serious consideration.
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4,.2.2 Computer-Assisted Retrieval (CAR) Systems

CAR systems include the traditional preparation of the microfilm, indexing of
each individual frame, and computer assistance in locating the proper roll and
frame location. Most CAR systems utilize 16mm roll film stored in cartridges
with blip encoding. Microfilm cartridges are maintained in a variety of
different types of manual storage equipment. Images are retrieved by first
accessing the index to determine the proper cartridge, manually loading the
cartridge into the automated reader, and utilizing the capabilities of the
automated reader to locate the appropriate frame number. Manual intervention
is required to retrieve specific cartridges, but specific frames are retrieved
under computer-assisted control.

Since most systems utilize roll film, documents must be microfilmed in order
of receipt. Many cartridges may therefore be retrieved to locate all docu-
ments related to a specific personnel record. If the entire personnel record
is required, paper prints must be made, since it is not practical to create a
microfilm dupiicate containing the selected images constituting a complete
record. This approach functions contrary to the unit record requirements for
the Army's personnel records.

Conversion to a CAR system is therefore not recommended for the Army personnel
records.

4.2.3 Automated Document Storage and Retrieval (ADSTAR) Systems

The existing system may very well be described as an "automated document
storage and retrieval system" or ADSTAR system. The primary characteristic of
these types of systems is that the media can be retrieved by an automated
storage unit under computer control. The existing Access-M units, for example,
will retrieve an entire personnel record when the correct M-address is entered
at the keyboard or specified by the computer command.

The existing system, however, qualifies at the low end of ADSTAR capabilities.
Once the microfiche record has been retrieved, the carrier must be manually

removed from the M-unit (or automatically ejected if the Automatic Delivery

System is being used), physically transported by staff, and duplicated prior
to use. The user of the duplicate must scan the microfiche to determine the

appropriate image for review. As such, the system offers automated retrieval
of the media, but manual Tocation of a particular image.

The microfiche are maintained as a unit record. Every time updates are
required, the unit record must be retrieved, updated, and then returned to the
storage unit. Substantial personnel time is required for updating these
records.

The problems of the existing system have been reviewed in depth in Chapters 2
and 3. With enhancements, the existing system can continue to function
effectively for several years until more sophisticated technology becomes
available.
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4.2.4 Automated Document Storage and Retrieval Plus Digitized Image
Transmission (ADSTAR+DIT) System

These systems can truly be viewed as the "transition systems" because they
combine image storage using microfilm with electronic transmission of digitized
images--storage methods from past and current systems and image transmission
methods being developed for future systems. The combination offers a great
deal of advantages not found in the existing system or other alternative
micrographics systems. Some of the advantages include multiple access,
automated media and image selection, transmission of images to remote loca-
tions, and rapid access to images.

The cost of these systems and the time to assemble a complete personnel file
represent significant drawbacks to this technology. The cost is estimated to
exceed the cost presented in Chapter 5 for digital image technology in the
areas of both personnel and equipment. The roll film version of an ADSTAR+DIT
would require very rare and expensive equipment to convert the image from
microfiche to roll film. The microfiche version of the ADSTAR+DIT system
would be more expensive because of the number of units required, e.g., over
100 ($2.5 million) at MILPERCEN and almost 700 ($15.5 million) at EREC.
Additionally, the time required to assemble records for Board review could
approach ten times the time required for the existing system.

4.3 SELECTED SYSTEM DESCRIPTIONS FOR MICROGRAPHIC-BASED TRANSITION
TECHNOLOGIES

The project staff reviewed a number of different micrographic systems being
classified as "transition technologies" by the micrographics industry. These
systems generally have the following characteristics:

- Microfilm (either roll film or microfiche) is used as the primary storage
media.

- An electromechanical device or autoloader is utilized to automatically
retrieve the microfilm media without human intervention.

- The image is scanned, digitized and transmitted electronically to a work
station.

The following is a brief description of some of the micrographic-based transi-
tion systems reviewed during the course of the project:

- Teknekron AMARS System. This represents one of the first of the transi-
tion technologies developed and was pilot tested in 1980-1982 by RCPAC.
The AMARS unit consisted of a linear electromechanical device which
retrieved microfiche from a tray, scanned the microfiche, and transmitted
the image to high-resolution graphics terminals in the Career Management
Branch. The system failed to function as expected due to mechanical
problems, poor image quality and the requirement that duplicates be made
from the updatable microfiche original. This system has apparently
worked successfully, however, at installations for Texaco and the
Government of Saudi Arabia.
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- TERA Corporation. TERA Corporation is a subsidiary of Teknekron, serving
as systems integrator for transition technologies. They currently market
a variety of computer-assisted retrieval plus digital image transmission
systems using the microfiche retrieval unit developed by Image Systems.

- Image Systems ISI 6000. Image Systems markets directly and distributes
OEM versions of the primary automated microfiche carousel retrieval unit
used in the micrographics industry. Each carousel holds 780 fiche
attached to specially encoded edge-notched metal strips used for retrieval; -
the unit provides a capacity of 76,000 images at 24X or 421,200 images at
72X filmed in random order. Images from different microfiche can be
retrieved in approximately 10 seconds, compared tc approximately 1 second
for adjacent images. It is estimated that approximately 120 ISI 6000
units would be required initially to store 100,000 officer records and
that additional units would be required in the future since purging from
active microfiche is almost impossible.

- Ragen 1010 Information Management System. The Ragen 1010 system utilizes
blip encoded roll fiim housed in proprietary cartridges, and retrieves
utilizing an electromechanical device. Images are randomly filmed and
are retrieved utilizing a computer index. Ragen claims a storage capa-
city of 1.2 million pages per storage unit (300 cartridges, holding 4000
images each at 25X) with a typical access time of less than 10 seconds
per page. A paper printer is generally used to display images, although
high resolution terminals could also be used; the user has the option to
accept the paper print or remove the ink and reuse the paper for the next
image.

- Access 2010 System. Access Corporation has announced and is demonstrating
a new version of its ADSTAR System. The storage device locates the
desired image under computer control, retrieves the microfiche, locates
the image, digitizes the image, and transmits the image. These tasks are
performed without human intervention. As a practical matter, this unit
will not work with the A.B. Dick updatable microfiche originals since (1)
the originals must be maintained in a protective carrier and no method
exists to automatically remove the original from the carrier and (2)
storage requirements would be excessive if one criginal was stored per
carrier,

- Mnemos System 6000. The Mnemos system provides the operator with a
self-contained, stand-alone system for retrieving images and data. The
system utilizes a specially designed plastic disk which maintains up to
6000 images and digital information in analog format. Disks may be
interchanged by the user, but a juke box configuration is being considered
by the manufacturer. Disks must be specially manufactured using a glass
original from which plastic disks are stamped using a duplication method
similar to the production of phonograph records.

None of the micrographic-based transition technologies reviewed warrants
serious consideration to replace the Army OMPF updatable microfiche system.
Several vendors marketing micrographic-based systems with or without digital

image transmission are hoping that existing clients will retain current °
systems and that new clients will be attracted to their micrographics-based ]
product line, instead of compietely converting to the new digital image
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technology. While this strategy may make good marketing sense for the
vendors, the Army would be well advised to wait a few short years since
digital image technology appears to offer substantial benefits not attainable
by either the current system or these transition technologies. Since the
current system continues to function and can be enhanced according to the
recommendations made in this report, there is little justification to incur
the large conversion cost to these transition technologies at this time and
then convert again in a few years to a digital image system.

4.4 CONCLUSION

In summary, neither the computer-assisted retrieval nor the automated document
storage and retrieval systems, with digitized image transmission, offer signi-
ficant benefits over the existing system; they also present significant
disadvantages when compared to the newly emerging digital image technology.
It is recommended that no other micrographics-based technology be developed
for the Army's personnel records.
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CHAPTER 5. DIGITAL IMAGE TECHNOLOGY

5.1 INTRODUCTION TO DIGITAL IMAGE TECHNOLOGY

During the last few years, much has been written and discussed regarding the
prospect of the "electronic filing system." A number of vendors have
developed systems which they cailed "electronic,” but in reality proved to be
microfilm storage systems with computer-assisted indexing and retrieval, such
as the micrographics technologies discussed in the previous chapter. Until
1983, no company had marketed all components necessary for the total elect-
ronic filing system.

Beginning in 1983, significant developments occurred which marked the emer-
gence of the still infant technology now referred to as "digital image tech-
nology." For several years, engineering drawings and maps have been digitized
(converted to computer-readable format consisting of a series of dots or
pixels to represent the image) in order to permit computer processing of the
information and revisions of the images. Images are digitized manually, by
tracing the outline of an image with a "mouse" which communicated electronic
signals to the computer. The process is time consuming. In 1982, vendors
began offering scanning equipment and appropriate computer software for
digitizing. Although similar scanning technology has been used for several
years in the microfilm-based transition technologies to digitize and transmit
images electronically to remote locations, no vendor was actually utilizing
scanners to digitize and store large data bases.

Equally important, 1983 marked the introduction of the first commercially
available optical disk systems (Thompson-CSF and Drexler Technology
Corporation) and the demonstration of a number of prototypes (Sony, Storage
Technology, and others). Due to the large storage requirements of digitized
information, existing magnetic storage media is considered inadequate for the
storage and maintenance of large image data bases. Optical disk provides a
low cost, highly accurate method for storing huge volumes of information,
including images, in a relatively compact space. The first juke box was
developed by Integrated Automation for a pilot project conducted for the
Library of Congress; the storage capabilities of a juke box holding 100 or
more optical disks creates the potential for the management and storage of an
almost unlimited volume of digitized images.

During the next few years, it is expected that a number of pilot projects and
operational systems will be developed to meet pressing needs in both govern-
ment and industry. Many of the unanswered questions related to this tech-
nology will hopefully be resolved during this period. While the Army can wait
at least a few years before converting to such a technology, the concerns and
problems with the existing updatable microfiche system will continue to grow
during this same period. The Army should carefully consider the great poten-
tial of this new technology and begin plans for a pilot project, followed by
the conversion to operational systems for all Army personnel records.

This chapter provides a basic description of digital image technology and

presents a number of issues for consideration. Much more analysis and design
work is required before the Army can effectively develop its own system. This
chapter, however, should serve as a basis for assessing the state-of-the-art
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and provides a review of some of the innovative applications of this tech-
nology for personnel records developed by the project staff during the course
of this project.

Digital image technology includes some terms and concepts different than those
used in either micrographics or data processing. The Glossary contains some
definitions which the reader may find helpful.

5.2 SYSTEM COMPONENTS

The following section describes the five major components of a digital image
system:

Image Capture
Storage/Optical Disk
Image Transmission
Image Presentation
Computer System

Within each section, problems and concerns related specifically to the Army's
personnel records are discussed.

5.2.1 Image Capture

Image capture or scanning is the first step in converting documents into a
digital format. This step may be compared to image capture using a microfilm
camera. After image capture, however, images in digital format are handled
substantially differently than those in micrographic format.

(a) Background. Early efforts in scanning utilized laser tech-
nology. Most recent scanners, however, use a charge coupled device (CCD)
since it provides higher scanning speed, increased resolution, and better
flexibility than laser technology. Most American companies and many Japanese
companies are using a CCO array from Fairchild Semiconductor; some companies
are using a CCD array from Nippon Electric Company (NEC), which offers high
rescolution but slower scanning speed.

While microfilm technology forms an image by hardening silver halide emulsion
(traditional microfilm) or using liquid toner on a photosensitive base (updat-
able microfiche), a scanner records an image by converting the document to a

series of discrete points or pixels (contraction of the words "picture elements").

A CCD scanner will measure the degree of lightness or darkness of each pixel
and assign it a numerical value. If the system is designed to recognize gray
scale, then up to 256 different levels of gray can be detected; otherwise, if
the system is bitonal (either white or black) a threshold is set to determine
which pixels will be considered white and which black. The results are then
stored in the computer in binary format (one bit for a bitonal system and
generally three to eight bits for recording gray scale).

(b) Gray Scale. The scanning systems used for Army personnel

records will probably be equipped to identify up to eight levels of gray
scale, requiring three bits in binary format to represent each pixel. This
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will result in capturing more of the fine definition for each document. Image
enhancement techniques (see Section 5.4.2) can then more effectively be
applied to improve the image and later convert each pixel representation to
one bit per pixel. If the eight levels of gray scale were permanently stored
within the system, three times more optical disk storage would be required
than if the same image was processed and enhanced and then stored in bimodal
form.

(c) Resolution. The Fairchild CCD array can identify 1,728 dis-
crete points or pixels along the width and 2,048 pixels along the length. A
letter-size page would then be converted into 3.74 million pixels (or 3.74
million bits in bitonal form and 11.22 million bits with 8 levels of gray
scale). Each square inch of the document is scanned at 200 X 200 pixels, or a
resolution of 200 pixels per inch (also referred to as 200 dots per inch or
200 Yines per inch). Other CCD arrays can scan 300 or more dots per inch.

In micrographics, resclution is stated in terms of observable line pairs per
millimeter. Resolution may range from below 100 1p/mm for rotary cameras to
over 1,000 1p/mm for laser COM devices. A higher resolution is extremely
desirable because it produces a sharper, clearer image. In digital image
processing, a resolution of 200 dots per inch is considered standard. Many
Japanese vendors scan at 300 dots per inch in order to adequately resolve the
Kanji character set; the Library of Congress will scan at 300 dots per inch to
capture fine detail. A resolution of 300 dots per inch will generally be used
throughout this report (although the Army may consider a resolution of 200
dots per inch, provided the image quality is adequate).

While increased resolution in micrographics has no undesirable characteristics,
increased resolution in digital image processing is obtained at a significant
price. Fiqure 5.1a below shows the impact of increasing the resolution for
scanning a letter-size document and its impact on storage of the image.

~igure 5.1a Impact of Scanning Resolution on Storage Requirements.

Resolution Storage Requirements Storage Requirements
(dots/inch) Bimodal Gray Scale
(1 bit/pixel) (3 bits/pixel)
50 233,750 701,250
100 935,000 2,805,000
200 3,740,000 11,220,000
300 8,415,000 25,245,000

The resolution used within a digital image system must therefore be a compro-
mise between desired image resolution (and gray scale) and optical disk
storage requirements. Figure 5.1.b shows the impact of higher resolution on
image quality.

5.2.2 Data Storage/Optical Disk

One of the major limitations that has slowed the progress of digital image
technology is the massive storage requirements for digitized images. The

micrograrhic-base transition technologies utilize CCD scanners to transmit
images, but continue to use microfilm as the storage media, p:vtially due to
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the storage requirements. For years, the data processing industry considered
a 100 megabyte disk as providing a substantial amount of magnetic storage; in
fact, it could store only 95 unprocessed, digitized images of letter-size
pages at 300 dot/inch resolution., Clearly, an alternative approach was
required. Three options exist to increase the document storage capability:
(1) decrease resolution, (2) decrease or "compress" the amount of storage
required per image, or (3) increase the capability of the storage media. The
first option is unacceptable since it adversely impacts image quality; research
has, therefore, centered on achieving acceptable storage density and costs by
compressing information and using optical disks.

(a) Data Compression/Decompression. Data compression techniques
seek to reduce or compress the amount of data required to represent a stored
image; data decompression expands the stored image to recreate the appearance
of the original image on output. The primary method used today for data
compression is called run length encoding (RLE). RLE compresses digitized
images by reducing the amount of information used to store the bit pattern
representing the image. (See Figure 5.2.)

During a typical scan of a page at 300 dots per inch, the scanner examines

approximately 2,550 pixels along the width (by 1 pixel wide). If the entire
line is blank, or white, and no gray scale recorded, the system would store
2,550 identical "0" bits (G000...000 until 2,550 G's were recorded). With
RLE, the system identifies identical bit patterns within the scan line and
records the information in compressed format; for example, the number 2,550
would be stored to represent the 2,550 "G" bits rather than repeating "0"

2,550 times in storage. "Bit plane" RLE refers to compressing the image in
both the horizontal and vertical directions (X and Y axes) to achieve the

maximum compression.

The degree of compression achieved depends on the type of information scanned.
Documents containing a great deal of text and information will be compressed
much less than those containing a great deal of white space. Using standard
data compression protocols such as CCITT Group 3, data compression rates of
5:1 to 20:1 are possible, with 10:1 being the average. At 10:1 compression
ratio, 841,500 bits or 105,188 bytes would be required to store a typical
document image at 300 dots per inch. In the first systems developed, data
compression was handled within the computer system, With present day scanners
producing output at a rate of 20 million bits per second (20Mhz), and most
computers accepting input at less than 10 times that rate, serious problems
developed. Newer systems will therefore compress data at the scanner, transmit
the compressed data to the computer, store the compressed data on optical
disk, transfer the compressed data to the output peripherals, and decompress
the data to original appearance at the terminal or printer. This will permit
information to be transmitted through the system at much higher rates than
would otherwise be possible. The compression/decompression operation will
become a peripheral function, but the benefits of compression will result in
reduced computer storage requirements.

(b} Optical Disk. Even with the use of compression techniques, a
typicel 100 megabyte magnetic disk could only hold approximately 950 documents
at 300 dots per inch. The largest magnetic disk made would hold approximately
9,500 documents but cost about $100,000; when the disk was full, ar additional
disk drive would be required. The need for an alternative storage media has
been apparent for several years.
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Beginning in early 1970, a number of vendors began development of a high
capacity optical storage device. By 1982, the first commercially available
optical disks were being utilized in systems. In 1983, over 30 different
manufacturers are at one stage or another of optical disk media and disk drive
system development. Prices for optical disks range from $100 to $200 and for
disk drives, from $25,000 to $100,000.

The main advantage of the optical disk or the optical data disk (ODD) as it is
now being called, is the extremely large storage capacity availabie per disk,
Most optical disks are rated in terms of gigabytes (GBytes) or billions of
bytes rather than megabytes or millions of bytes. Figure 5.3 below provides
some data on four optical disk systems evaluated during the course of the
project.

Figure 5.3 Capacity of Optical Disk Media.

Vendor Disk Size Capacity per Disk Images per Disk
(300 dpi/bimodal)
Sony 8" 460 MB 4,373
Thomson-CSF 12" (2 sided) 2 GB 19,014
Storage Technology 14" 4 GB 38,027
Eastman Kodak 12" 5.7 GB 54,189

The disk capacities mentioned above represent user available capacity; all the
optical disks have additional capacity which is reserved for system use.

(1) Recording Methods. Figure 5.4a shows the three types of
recording methods now being used for optical data disks; Figure 5.4b shows the
physical structure of a typical optical disk. Each method operates on the
same principle of changing the reflectance of a portion of a disk's laser
sensitive layer to distinguish between bits stored as 0 or 1. The three
methods are as follows:

- Pit formation. In this method, a diode laser burns a pit in the
laser sensitive layer of an optical disk. The same laser, operated
at a lower power setting, "reads” the presence or absence of pits
and converts the information into binary code. This approach
provides high recording density but also may result in errors over
time caused by separation of the disk layers and misinterpretation
of debris resulting from pit formation.

- Bubble formation. This process is similar in nature to the pit
formation method, except that a bubble is created in the laser
sensitive layer rather than a pit. The changes in reflectivity of
the bubbles are converted to binary code. This approach is more
susceptible to heat than the other approaches, which could cause the
bubbles to collapse.

- Amorphous/crystalline. In this method, the laser sensitive layer is
altered from an amorphous (non-reflective) to a crystalline (reflec-
tive) state. No pits or bubbles are made to the disk; the reflect-
ance at the crystalline locations is merely increased. This approach
may best resist degradation and errors, and offers the best oppor-
tunity for development of a truly erasable optical disk.
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(2) Error Detection. A1l optical disk systems available in
the marketplace today are based upon the "direct read after write (DRAW)"
technology where the data is read immediately after recording to verify its
accuracy. If there are errors detected, the data is re-recorded in the next
available space on the disk and again verified. This method insures that the
image information stored on the disk is accurate, but may waste up to 30% of
the disk capacity for poorly designed and manufactured disk systems.

(3) Erasability. None of the current products available on
the marketplace are erasable. Tt is expected that erasable systems will be

available within the next few years. For the Army personnel record applii-
cation, however, it is recommended that an erasable media not be used in order
to prevent the accidental erasure or loss of the image. Erasable optical
disks may be appropriate in the. future for erasing and modifying data rather
than images.

(4) Degradation. Over time, optical disks, like magnetic
disks, will degrade and the number of recording errors will increase. Current
standacqs for the data processing industry do not allow error rates to exceed
1 X 107°° (or 1 error in every trillion bits). This level of accuracy is
extremely important in storing data, since the value of a number can be
altered dramatically by_gere]y changing one bit. When storing images, however,
an error rate of 1 X 107" (or 1 error in every million bits) may be acceptable.
With images, bit errors will generally result in creation of stray pixels
which generally will not affect the quality of the image. In order to enable
optical disks to also be used for data storage as well as image storage, the
optical disk vendors will initially offer disks which meet the error rate
standards for magnetic media, a standard substantially higher than that
required for images.

(5) Longevity. Most vendors state that they expect that
optical disks will experience a 10-year 1ife. But since no vendor has ten
years of experience with their optical disks, these results can only be
surmised from accelerated aging tests (which don't adequately reflect the
gradual aging process). Additionally, since the optical disks will have an
error rate standard much higher than that needed for images, it is expected
that images will be fully readable even after the optical disk degrades
substantially. If at any time there is concern regarding degradation of the
disk which might affect the images, images can be electronically transferred
to a clean optical disk as often as necessary. In reality, it is expected
that good quality optical disks may retain images for periods much longer than
ten years.

(6) Speed. Information can be written and read from optical
disks at extremely high rates of speed. For example, a2 50-page record can be
read from a single optical disk in less than one second; an entire disk
containing 20,000 pages can be copied to another disk in approximately 20
minutes. Retrieval from a properly designed optical disk system, therefore,
will appear instantaneous to the user.

(7) Durability. The optical disk is generally designed to be
rigid with a glass or plastic protective layer to seal the disk recording
layer from dust and atmosphere.

0.




(8) Juke box capability. Due to the durability of the optical
disk design, the disk may be used in a juke box configuration to create
massive image storage capacity. In the juke box, the disk can be moved from a
storage area to the disk drive in approximately 5 seconds, using a robotics
device. Some vendors are discussing designs for a juke box which could
include several hundred optical disks and multiple read/write units. Inte-
grated Automation has designed a juke box for use by the Library of Congress
which contains 100 Thomson-CSF optical disks and a single read/write unit; the
juke box will initially have a storage capacity of 100 G-Byte, expanding to
200 G-Byte in 1984 when a two-sided Thomson disk is available.

(9) Assessment. Figure 5.5 compares optical disks with other
types of storage media. Optical disk offers several significant advantages
over other media:

- High storage capacity (potentially exceeding 50,000 images per disk)

- Automatic verification of accuracy using the DRAW approach

- Low cost -- $100-$200 per disk, expected to reduce to $40-$75 per
disk in two years

- High speed random access of information in milliseconds

- Long life -- currently estimated at ten years

- Durable media

- Potential for use in massive storage devices (juke boxes)

There are several problems with optical disk before the media becomes widely
accepted:

- The ability to mass produce the disks has not been fully proven

- The longevity and stability of the media has not yet been proven

- The reliability of the juke box concept has not been proven

- No standards for compatibility or operation have been developed

- Software for operating the optical disk system has not yet been
demonstrated

(10) Conclusion. The optical disk technology is sufficiently
advanced for consideration by the Army in developing its digital image system.

5.2.3 Image Transmission

Once the image has been scanned, indexed, enhanced, and stored, the image can
then be transmitted to the users to perform their daily activities. Due to
the large volume of digital information (or bits) required for an image, the
transmission speed is extremely important for the effective operation of the
system. Transmission rates of five to ten seconds per image would be accept-
able in situations where only the specific images are required; but trans-
mission rates of five to ten minutes for an entire personnel record would be
considered unacceptable.

(a) Transmission Networks. There are three types cf image trans-
mission networks which must be considered in developing an effective digital
image system: Image processing network, local area network (LAN), and remote
area networks.
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(1) Image Processing Network. Image processing network
consists of the cables, channels, and equipment utilized to capture, process,
and store the image. Within this network, digital information must be trans-
mitted at extremely high rates in order tc facilitate the operation of the
system. Since the image transmission rate will be limited by the transmission
rates of the equipment involved within the system, equipment should be selected
which permits extremely high image transmission speeds between components.

Information can also effectively be compressed and decompressed at the various
components as required to also facilitate transmission. For example, while
scanners may produce a bit stream at a rate of 20 megahertz (20 million bits
per second), most computer systems will only have input channels capable of
receiving approximately 2 megahertz; therefore, the scanner equipment will
match in speed provided that a compression ratio of 10 to 1 can be achieved.
Some computers, however, such as Perkin Elmer can accept extremely high input
retes (20 to 40 megahertz), permitting extremely high scanning speeds.

(2) Local Area Network (LAN). The "local area network" or LAN
consists of the image transmission system within a small area such as within
one building or between two buildings (e.g. Hoffman I and II). It is expected
that the transmission rate of the LAN will be less than the image processing
network, but should be as fast as reasonably possible to permit rapid exchange
of information. Information handled by the remote area network will normally
have to be processed first through the LAN,

(3) Remote Area Network. The remote area network handles
communications between remote locations or remote local area networks. The
Defense Data Network (DDN) is currently being developed to function as the
remote area network for the entire military to incorporate various methods of
data transmission.

(b) Transmission Media. There are basically five types of trans-
mission media currently being used: three types of transmission media permit
on-line electronic communication while two are essentially batch, off-line
transmission methods. The batch method requires preparation of the optical
disk and packaging.

(1) Twisted Pairs. Twisted pairs consist of copper wires,
such as telephone wires, for data transmission. Project 80X is currently
planning to use the existing telephone wiring system for MILPERCEN's local
area network in Alexandria.

(2) Coaxial Cable. Coaxial cable consists of cable with
special shielding to prevent outside interference and data errors. Narrow
band systems such as Ethernet (by Xerox Corporation) is designed primarily for
slower-speed data communication. Wide band systems such as Wangnet (by Wang
Laboratories) can handle simultaneously a variety of high speed data trars-
mission rates, and video and voice transmission.

(3) Fiber Optics. Fiber optics consists of glass fibers
through which laser generated light is transmitted. This communication medium
permits very high capacity and high speed transmission rates while occupying
very little space. Many telephone cables are currently being replaced by
fiber optics due to the current advantages in cost, capacity, and space.
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(4) Air Freight. While air freight and mail represent batch
processing for images, the effective transmission rates using optical disk is
extremely attractive compared to the cost of the other on-line image trarsmis-
sion media. The cost example presented below assumes a two G-Byte optical
disk being sent on a 3 hour flight between MILPERCEN and RCPAC,

(5) Overnight Mail. Overnight mail is another attractive
batch alternative since this includes pickup and delivery of the image infor-
mation. The time example presented below assumes a two G-Byte optical disk
delivered within 24 hours of mailing. In reality, the delivery time will

enerally be less than 24 hours and may constitute only 3 prime business hours
%pickup at 4:00 PM and delivery at 10:00 AM the next day).

(c) Transmission Rates. Figure 5.6 compares typical transmission
rates for the transmission media discussed above. Clearly, the transmission
rate for the twisted pair would be totally unacceptable for an image process-
ing system. However, the Army currently has plans for development of a local
area network at MILPERCEN and defense data network worldwide with a maximum
transmissicn speed of 56,000 bits per second which corresponds to the fastest
speed for twisted pairs. This slow transmission rate will severely hamper the
image processing system and will necessitate the wide use of air freight and
overnight mail for bulk image transmission and the use of COM-generated
microfiche for many user requests within the local area network.

Figure 5.6 Comparison of Image Transmission Rates.

Rate Single Image* 50-page Record
(bits/sec.) ?sec.) (sec.)
Twisted Pair 56,000 15,03 751.0
(DDN and MILPERCEN LAN)
Coaxial Cable
Narrow Band 1 million 0.84 42.0
Wide Band 10 million 0.08 4.0
Fiber Optics 50 million 0.02 0.9
Air Freight 1.5 million 0.56 28.0
Overnight Mail 185,000 4.55 227.0

*84 x 11 inch page at 300 dots/inch resclution and 10:1 compression.

(d) Conclusion. The Army is currently planning data transmission
networks for both the MILPERCEN local area network and Defense Data Network to
operate at maximum rates of 56,000 bits per second. Although this maximum
rate may be desirable for data, the transmission rate is totally inadequate to
support the image processing system. Alternative methods of transmission for
on-line image processing, such as the use of fiber optics or satellite trans-
mission, should be considered in future plans.
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5.2.4 Image Presentation

There are three potential output modes for digitally recorded information:
paper printers, computer output microfilm (COM), and graphic terminals. It is
anticipated that all three types of output devices will find some measure of
use. Terminals would find their greatest use in the Career Branch offices and
with Boards, raster COM devices could be used to output records to accompany
Career Management officers in their field visitation and initially for Boards
(until the price of terminals is reduced), and paper printers could be used to
fulfill special requests by the public. Systems designers must match the
method of image presentation to user needs.

(1) Paper Printers. If paper prints are desired, the digital
information may be routed to pen plotters (which use pen and ink to recreate
the jmage on paper), electrostatic plotters, and printers such as the Xerox
9700 models (which electronically recreate the image and print it out at high
speeds on paper). Paper output may be desirable for some requests. With
selective paper output, only those pages desired need to be printed on paper.
At RCPAC, for example, a "clean" DD214 could be printed at the touch of a
button. Laser printers can be expensive, so the need must be well established.

(2) Computer Output Microfilm (COM) Devices Modified for
Raster Input and Output. Most current COM devices handle alphanumeric char-
acters, and must be modified to handle digitized (or raster) images. Among
those vendors who manufacture raster COM devices are III, Dicomed, and NCR. A
modified NCR device was used by the Navy in its MITS experiment in Falls
Church, Virginia during 1982-83. The use of modified COM devices for digital
output has the following advantages:

- Output would be similar to, but better quality than, the microfiche
currently utilized by Boards. Board members would review microfiche,
just as they do now. However, the microfiche generated on a COM
recorder from digital information would be free of blacked-out
images, out of sequence documents, and record errors.

- With high resolution terminals costing from $10,000 to $30,000, it
is not cost effective to have hundreds of terminals on-line to the
digitized OMPF. Having a raster COM device on-line, however, may
prove to be extremely cost-effective.

One potential disadvantage that is apparent at this time, is the output speed
of most raster COM devices. The modified NCR COM unit produces output at a
rate of 4 megabits per second, requiring approximately 2.1 seconds per page at
300 dots per inch (1 second per page at 200 dots per inch). A 50-page OMPF
P-fiche would require 1.75 minutes to generate one full record on microfiche
at 300 dots per inch (.94 minutes at 200 dots per inch). Clearly that is
unacceptably slow. Desirable output speeds would be 15 megabits per second,
allowing for an individual 50-page record to be printed in less than 30
seconas. Unless output speed can be increased by a factor of approximately
3-5 times, the use of a raster COM device may be of limited value for large
volume output.

(3) High Resolution Graphics Terminal. High resolution
graphics terminals provide access to vast quantities of data without resorting
to paper or microfiche. The primary factor 1imiting the use of high resolution
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graphics terminals is their cost. Depending upon the manufacturer and quanti-
ties ordered, high resolution graphics terminals may range in cost from $7,500
to over $30,000 each. It is anticipated that the cost of these units will
drop over time, paralleling the cost decline of other data processing compo-
nents. When it becomes feasible to consider large numbers of high resolution
graphics terminals, these are the desirable features that should be included
in any unit selected:

- Full page display

- Adequate resclution, generally one-half the scanning resolution
Rapid refresh rate for a flicker-free image

Adjustable contrast and brightness controls

Built-in memory to buffer additional pages for presentation
Zoom capability

Image rotation capability

Ability for conference viewing

Local paper printing capability

Clearly, it would be most desirable to place high resolution graphic terminals
on the desk of each individual needing access to the OMPF,

5.2.5 Computer System Capabilities

The computer system must be extremely sophisticated in order to handle the
demands of the digital image technology system. The main hardware require-
ments include fast input/output speeds (2 megahertz minimum and 20 megahertz
or faster desirable), high capacity memory, and substantial magnetic disk
storage capacity (over 500 megabytes). The other software requirements will
be developed by the systems integrator to meet the needs of the Army's person-
rel system. Some software requirements are discussed below.

(a) Image Capture. The image capture capability includes the
programming necessary to capture, manage, and manipulate the image to convert
the paper document into a retrievable image on the optical disk. Some of the
capabilities will include the following:

Scanning control, including movement of the image to the daily
scanning disk.

Indexing on magnetic disk for each image.

Quality control and image enhancement as necessary.

Transfer of approved image to optical disk in terminal digit order.

(b) Communications. The computer system must manage on-line as
well as batch requests for information.

(1) On-line Requests. On-line requests must be given immed-
jate priority since the user is waiting. Some of the computer's functions
include the following:

Determine the location of the record image from the index.
Load the appropriate disk on the juke box reader.

- Download the record images to temporary magnetic disks.
Release the juke box for other uses.

Transmit requested pages to the user.
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(2) Batch Requests. Batch requests must be sequenced in order
to reduce contention for the juke box and present requests to the juke box in
the optimal order. It may be necessary to intermix several requests to enable
all requests for a particular optical disk to be handled prior to selection of
arother optical disk. Batch processing can occur whenever the batch processing
will not create contention or during second shifts. Some of the functions
retated to batch processing are as follows:

- Organize lists of records for Board review and other requests by
terminal digit.

- Determine location of images from the index.

- Load the initial optical disk on the juke box.

- Transfer requested image information to on-line COM unit to produce
microfiche records.

- Manage collator on COM unit (if such a device becomes available) or
perform other tasks necessary to group batch requests appropriately.

- Load additional optical disks as necessary until the batch request
has been completed.

(c) Backup. Routinely, a backup of all active records must be
prepared tc permit continuation of the operation in case of disaster. The
system must identify which records must be backed up and route the images and
data to the backup media.

(d) Transfer Discharge Records. Copies of records for discharged
individuals can automatically be transferred to a designated optical disk or
other media for subsequent transfer in digital form and, perhaps, also in COM-
generated microfiche form to RCPAC for long-term storage.

(e) Purging. Periodically, when the optical disks are approxi-
mately 95% full, the active images must be transferred to new, clean optical
disks to enable continued operation.

(f) Scheduling. The computer system will be responsible for
scheduling access to the juke box for image capture, requests, purging, and
other functions. The pilot project should include a complete juke box (even
though a single reader and a few optical disks may be sufficient) to develop
the scheduling techniques and software necessary to minimize contention.

(g) Special Functions. A large number of addi*ional functions may
be identified during the detailed systems design or the pilot project. Some
potential functions which could be developed at & later date include the
following:

(1) Character Recognition. Since the information is in
digitized format, software algorithms could identify specific characters
within the image. As such, this capability would enable the Army to isolate
fields of information, transfer the data to existing data processing systems,
store some of the digitized information in ASCIl format (substantially nore
compact than image format), and potentially eliminate the need for images for
several documents or parts of documents.

(2) Forms Overiay Capability. Since many preprinted forms are
used by the Army, the storage of the preprinted information represents substan-
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tial redundancy and requires additicnal storage space. The forms overlay
capability would automatically extract the variable information from the
pre-printed information and only store the variable information in the system
with special coding identifying the type of form used. When the image is
displayed, the preprinted form overiay will be merged with the variable
information.
5.3 PROCEDURES
Section 1.1.3 presented the procedures generally followed in the existing OMPF
microfiche system. Figure 5.7 provides a graphic picture of the following
procedures recommended for the digital image system.

- Documents preparation and screening.

- Scanning.

- Digitized image storage on daily optical disk.

- Indexing and image enhancement.

- Permanent image storage on optical disk in juke box.

- Documents distributed or destroyed.

- Image routed to COM, laser printer, or high resolution graphics
terminal.

Some of the characteristics of the proposed digital image system are as
follows:

- Image Capture.

- A desirable image capture speed would be 1800 images per hour.

- The resolution should be 300 dots per inch, although 200 dots per
inch may be acceptable provided that adequate image enhancement
techniques are available for marginal images. The resolution has a
major impact on storage requirements and transmission speeds. While
many vendors believe that 200 dots per inch resolution is adequate,
the Library of Congress has selected 300 dots per inch for its
project. The Army must determine what resolution is required for
adequate quality. Although this report uses 300 dots per inch in
all calculations, a resolution of 200 dots per inch is preferred in
order to reduce storage costs and speed transmission.

- The document images as captured by the scanner are stored on a daily
processing optical disk (although a high speed, high density tape
drive might be used instead). This step is desirable for the
following reasons:

- An audit trail is maintained. As has been discussed in this

report, digital image processing offers capabilities which have
not existed in micrographic systems, especially image enhance-
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ment. Legal issues will arise questioning the integrity of the
enhanced image. Until the legality of the enhanced image is
j determined, it will be necessary to maintain the original image

as captured at the document scan phase. Both the original
scanned image and the enhanced image would be available at any
legal proceedings if needed.

$ - The daily optical disk also stores the images during the post-
h ‘ pracessing and enhancement phase. At the current stage of
development, optical disks are not erasable; therefore, the
images must be acceptable after scanning or enhanced prior to
their being written on the long-term storage disk. If some-
thing unforeseen occurs during the image enhancement phase and
the image is altered or lost, the original scanned image can
still be retrieved for a second attempt at post-processing.

- Post-scanning Processing.

- See Section 5.4.2 for explanation of image enhancement techniques.

- Unless care is taken in the organization of the digital OMPF,
problems, such as contention for the disks in the juke box, may
occur which adversely affect the system. For example, if one
individual's record is stored on 50 disks over a 20 year career, it
may take as long as 250 seconds to assemble that complete record.
This assumes a 5 second retrieval time per image when records are
stored on different disks in the juke box. More than 700 hours of
system time would be required to assembie 10,000 records for a
Board. Clearly, the random storage of individual images on disks in
the juke box is not only undesirable, it is not acceptable.

It is therefore recommended that all images related to an individual
record be placed on the same optical disk (although the images may
be stored randomly on that disk). Records should be assigned to
disks by terminal digits of the Social Security Number. With all of
an individual's records on a singie disk, access time to the entire
record is reduced to milliseconds, and the time for assembling the
hypothetical 10,000 records drops to less than 3 hours. Despite the
fact that optical disks are not erasable, their low-cost and high
data transfer rates make it feasible to transfer data from one disk
(containing active plus inactive information) to another disk (a
clean disk which will now store the active information only) as the
disks becomes full. Used disks can be retained as backups. This
will enable the Army to maintain a record over an individual's 20 or
30 year career. Inactive information can be sent to RCPAC or
elsewhere on a regular basis.

- With the current microfiche OMPF, it is necessary to index only the
M-address of the original microfiche to have access to every document
in the individual's record. With a digital image system, it will be
necessary to index each image after it is scanned. The following
are types of data elements appropriate to index the full record into
the system:
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Social Security Number 9 characters

- Name - last, first, M.I. 25 characters
- Document/file code 2 characters
- Document date _6 characters

Total 42 characters

Only 19 characters (Social Security Number, 2 letters of last name,
document code, and document date) may be required to index each
individual image. When microfiche records are originally converted
or when new accessions are received, as few as 8 characters (docu-
ment code and document date) may be required after the SSN has been
keyed once.

The indexes to all documents should be stored on magnetic disk. The
index can be changed as necessary to simulate purging or resequencing
of documents.

5.4 SPECIAL ISSUES

Since digital image technology is only in its infancy, a number of special
issues must be addressed before the Army can fully proceed in developing a
comprehensive digital system. Some of these issues are discussed below.

5.4.1 Legal Issues

The legal status of digitized images, especially signatures, has never been
determined in an actual court proceeding. There are statutes and ample
precedent, however, which permit the introduction of microfilm, paper copies,
and COM or paper prints produced from a digital computer data base. The
Federal version of the "Uniform Photographic Copies of Business and Public
Records Act" and the "Federal Rules of Evidence" (see Appendix C for copies of
both) provide substantial legal support for the maintenance of information in
digitized format provided that adequate safequards are instituted and the
court is provided with a reasonable, trustworthy, and tangible facsimile of
the image.

The primary concerns related to the legality of a digitized image system can
generally be met if the system exhibits "trustworthiness” in terms of the
creation, maintenance, and management of the digitized image. The courts have
generally viewed that a system meets this standard if the following criteria
are met:

The records were created at or near the time of the event.

The records are maintained in the ordinary course of business.

The records are reproduced in the regular course of business.

The reproduction process adequately reproduces the image or forms a
durable image. (Note: There is no requirement for an exact dupli-
cation of the image; rather, the reproduction must be sufficiently
accurate as to enable a reasonable person to determine that the
reproduction was made from the original and that there were no
changes from the original.)
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- The procedures used in creating the reproduction and any of the
other criteria stated above can be adequately supported by evidence,
if requested.

Assuming that the above criteria have been met, the original paper can be
destroyed in the regular course of business and the reproduction used for all
purposes including evidence.

In order to enhance the trustworthiness of the digital image system, espe-
cially until this technology receives acceptance in the judicial system, it is
suggested that the following procedures be followed:

- The original, unenhanced, digitized image be maintained for long-
term preservation.

- An automated audit trail must be created of any enhancements or
changes made to the image, including the time of enhancement or
change, operator, and algorithm utilized. This function is per-
formed automatically by the computer system, without human
intervention.

- An automated audit trail must be created for the movement of the
digitized image throughout the system, including original storage on
the optical disk, transfer of image to other optical disks after
purging, and transfer of image to output media for presentation to
any judicial or administrative proceeding. This function is per-
formed automatically by the computer system, without human
intervention.

These requirements are in addition to the normal requirements for maintaining
the procedures manual, training staff, developing error detection systems,
preparing periodic backup to the system, and providing periodic audits of the
system. When the technology receives greater wide-spread acceptance, some of
the stringent requirements stated above may be relaxed.

5.4.2 Image Enhancement

The digital image technology differs from microfilm in that techniques can be
used to enhance or improve the image. These enhancement techniques may be
applied to the entire image or to certain portions of the image to provide
greater clarity.

The image enhancement operator will be responsible for determining which image
enhancement algorithms should be applied based upon personal judgment and
experience. It is expected that after a period of time and monitoring, a
certain number of algorithms (approximately 10) and threshold levels will be
established as "standards." The image enhancement operator will then use a
limited number of algorithms, unless a particularly difficult problem is
encountered.

It is expected that very little post-processing or image enhancement will be
required for good quality documents (75% of all documents), and substantial
enhancement required for photographics and for older, poor quality documents
(25% of all documents). Vendors are now developing algorithms which hopefully
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will be available to the Army by the 1985-86 time frame. Some techniques for
image enhancement are discussed below,

(a) Thresholding. The scanner can detect wide variations in the
level of gray scale. A threshold must normally be established to determine
which levels of gray would be considered black and which white. By changing
the threshold, it is sometimes possible to improve the image quality by making
letters "thinner" or "thicker," as needed.

(b) Edge Enhancement. Algorithms can be applied to determine where
straight lines exist and produce sharp edges by removing stray pixels from the
lines.

(c) Remove Extraneous Specks. The system can examine the area
immediately surrcunding each pixel to determine if the pixel is actually an
isolated speck.

(d) Clear Background. The threshold can be modified to produce a
clear background, even with a colored original. This is particularly impor-
tant due to the high D-min of the A.B. Dick original film.

(e) Darken Image. The system can convert grayish images to dense
black through the thresholding process. This is particularly important when a
poor quality image is encountered, especially when the image was originally a
copier or reader-~printer reproduction.

(f) Fi11 In Characters. In some instances, broken lines or "holes"
in characters can be filled to enhance readability.

(g) Changing Gray Scale to Bi-Tonal (Bi-Modal). In order to
facilitate the use of image enhancement and provide the image enhancement
operator greater flexibility, it has been recommended that all images be
scanned using at least eight levels of gray scale (3 bits per pixel). In
order to reduce storage requirements, it will be necessary after enhancement
to convert the digital representation from 3 bits per pixel to 1 bit per pixel
(bimodal -- 0 or 1).

When good quality text is encountered, the gray scale can simply be eliminated
by establishing the appropriate threshold, and applying other enhancement
techniques such as edge enhancement. However, some images such as signatures,
pencil marks, and especially photographs, require some level of gray scale in
order to produce an acceptable, readable image.

The most promising method to emulate gray scale in a bi-modal format is
through the use of screening techniques, such as those used to reproduce a
photograph in newspapers. Traditional newspaper screening methods consist of
a series of different sized dots in predetermined positions in a grid; smaller
dots or no dots at all are used to indicate light or white areas, while larger
dots are used to indicate grayer or black areas.

Since a high resolution graphics terminal produces fixed size rectangular
pixels, a somewhat different technique must be utilized. Instead, small areas
of the image, 2 X 2, 3 X 3, or 4 X 4 pixels, are analyzed to determine the
average level of gray scale. Once the average gray scale level has been
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determined, the appropriate number of pixels are "filled in" in the area under
consideration to approximate the gray scale level. For example, if a 3 X 3
pixel area is under consideration and the average gray scale for all pixels in
that area is 55% black, then five pixels out of the nine in the area will be
filled in to produce the equivalent of gray scale. See Figure 5.8.

The requirements for gray scale and subsequent conversion of gray scale to
bitonal mode can best be determined through experimentation prior to system
development. Since the image quality of a marginally acceptable newspaper
image after screening is 80 dots per inch, it is expected that the screening
emulation in a digital image system should be approximately 100-130 dots per
inch. For example, at 300 dots per inch resolution, each area of 3 X 3 pixels
must be screened to produce a screening quality of 100 dots per inch or ten
levels of gray scale. Several observers have indicated that at least eight
levels of gray scale may be necessary for photographs.

5.5 SYSTEM COST

The Army should consider the conversion to a digital image system as early as
1987. The cost of a digital image system for personnel records in 1987,
however, is difficult to project at this time. While all components of the
technology are currently available, many still exist as prototypes, hand-
manufactured items, or low production items. It is expected that with the
growth of this industry and the expanded use of the technology, equipment
costs may be significantly reduced due to larger scale production. Typical
system costs have therefore been presented in this section in terms of current
1984 costs and projected 1987 costs based upon vendor estimates. Section 5.7
below, "Implementation Plan," includes estimated costs for the pilot project.
Appendix D contains many of the assumptions used in preparing these cost
estimates.

Costs can generally be divided into two major categories: One-Time costs
(equipment and conversion costs) and operations costs. Each must be consid-
ered in preparing appropriate budgets and planning the conversion to the new
system.

5.5.1 One-Time Costs

The existing updatable microfiche system will serve as the basis for conver-
sion to the digital image technology system. Specially designed microfiche
scanners (with filters provided to prevent damage to the A.B. Dick original
film) will be utilized to convert the existing microfiche into digital image
format. Document scanners will be utilized to scan all new incoming documents
for both converted as well as unconverted records.

Due to the time required for conversion, it is expected that the digital image
system will run parallel with the micrographics system for approximately one
year at each site. Parallel operation will be required to debug the digital
image system and establish effective procedures; at the same time, the micro-
film system must still provide information to Boards and other users until the
digital image system has been substantially converted. Whenever documents are
received for updating, the original microfiche will be converted along with the
update to the digital image system, and the digital image system will be
utilized exclusively for all subsequent purposes. As time permits, additional

5-18

o |
4
® «
4
<
- 3
s 4

> <
> o

1
» o
» .
» L




Figure 5.8 Screening Techniques for Storage of
Grey Scale in Bimodal Format

Resolution of Screening

(dots/inch)
Image Scanned Image Scanned

Area Examined at 200 dots/inch at 300 dots/inch Levels of

(pixels) with Gray Scale with Gray Scale Gray Scale
1X1=1 200 300 1
2X2=4 100 150 5
3X3-= 67 100 10
4 X4=16 50 75 17

Levels of

Example: 55% Screen in 3 X 3
Pixel Area (enlarged)

Gray Scale: 10

Bits per Pixel: 1
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microfiche records can be converted to the digital system. It is therefore
critical that the computer system utilized during the conversion be able to
identify quickly whether requests for records will be handled through the
microfiche system or the digital image system. During the conversion, however,
no filming updates will be made to the microfiche; the microfiche system will
be used solely for retrieval of information not yet in the digital image
system,

Figure 5.9 presents cost estimates for one-time equipment costs and system
conversion in the 1987 budgetary year. Actual conversion costs will depend
upon the year during which funds are received and the level of conversion
contemplated or provided for in the funding. Some operational funds otherwise
required for management of the microfiche system can be transferred to the
conversion and operation of the digital image system, except for funding
designated for retrieval, duplication, and refiling of the microfiche for
records not yet converted to the new system. Al1 other functions can then be
handled under the digital image system. Other staff functions not currently
involved in the creation or management of the microfiche system (such as
screening, accessions, separations, etc.) will not be affected by the digital
image system; some requests for records can be handled much faster. WMuch of
the equipment allocated to the conversion costs, especially equipment, facili-
ties modification, and software, represent costs which would otherwise be
required for an operational system. For simplicity, these costs have been
allocated to one-time costs rather than operations.

5.5.2 Operations Costs

Figure 5.10 presents the operations costs, consisting of those costs allocated
to the update of a record that has been converted. As stated above, whenever
a document is received, the original microfiche record will immediately be
converted to the digital image system and the update added as the next entry.
Otherwise, if the record has already been converted, new images are merely
scanned, enhanced, indexed, and stored.

5.5.3 Explanation of Cost Categories

The cost figures are divided into one-time and annual costs as follows:

One-time Costs

Equipment (for conversion and operations)

Facilities modification (for conversion and operations)
Software/systems integration (for conversion and operations)
Personnel (for conversion only)

Supplies (for conversion only)

Annual Operating Costs

Personnel (for operations only)
Software maintenance (after first year)
Equipment maintenance (after first year)
Supplies (for operations only)
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A brief explanation of each cost component is included below.

(a) Equipment. The following equipment will be needed for the
system:

(1) Scanners. Microfiche scanners will be needed for the
conversion and document scanners for operations. Scanners should operate at a
rate of, at least, two seconds per image, produce a resolution of 300 dots/
inch (or higher, if required), record 8 levels of gray scale (3 bits per
pixel), and produce compressed output data (using run length encoding or
equivalent). A1l calculations are based upon a resolution of 300 dots per
inch.

(2) Computer. An extremely fast minicomputer such as Perkin
Elmer will probably be sufficient (although two computers may be regquired at
EREC and RCPAC). The computer should be equipped with at least 500 megabytes
of magnetic disk (or more if appropriate), and input/output channel speeds of
at least 2 megahertz (to permit rapid transmission of the image information).
Other features include a 6250 bpi or higher capacity tape drive, multiple
input/output ports, system monitor, system printer, and system software.

(3) Optical Disk. The optical disk drive configuration
consists of two components. Stand-alone read/write units are required for the
daily storage of the unprocessed/unenhanced scanned image and juke boxes are
required for the storage and management of the image data base. It is assumed
that each unit contains its own controller and is plug-to-plug compatible with
the computer system, utilizing "standard" protocols. Each optical disk used
in the analysis contains 4 GBytes; each juke box holds 100 optical disks. It
is estimated that each juke box will be 80% full after conversion or purging
of inactive records.

(4) High Resolution Graphics Terminals. Graphics terminals
must be provided to staff performing data entry and image enhancement func-
tions. Terminals used for conversion will be provided to user groups such as
Boards, Career Management Branch, Personnel Action Branch, etc., after conver-
sion is complete.

(5) Raster COM Unit. The COM unit is used to create a micro-
fiche or unit record copy of an entire personnel record. A raster version of
a COM unit is required to handle the digital bit stream in a digital image
system. At least three manufacturers produce COM units with raster input
capabilities; other units can apparently be transformed using custom-made
circuitry. It is impossible to determine the exact time required to produce a
COM microfiche record from raster input since manufacturers of current products
have little experience with digital image technology. It is expected, however,
that with the growth of this technology, lower cost, high speed raster COM
units will be offered in the marketplace. An estimate of two minutes has been
used for the production of a COM microfiche with 50 images at 24X.

(6) Printer. A high speed printer is required which will
handle raster input. The printer will be used for producing prints requested
by users. Additional lower speed, lower cost printers will also be used in
conjunction with graphic terminals to provide immediate paper prints as
required.

5-20




(7) Work Stations. Ergonomic work stations will be required
for system operators. This will enable operators to achieve maximum efficiency
and enable the Army to receive full value for their large expenditure in
digital image technology. Work stations should enable the operator to perform
all adjustments to chairs, terminals, and work surfaces to ensure optimal
efficiency.

(8) Other Equipment. Provisions have been made in the budget
for other minor types of equipment such as cables, connectors, anti-static
floor mats, extension cords, etc. One microfiche duplicator has been included
for RCPAC; microfiche duplicators were not included at the other installations
since no need was determined.

(b) Facilities Modification. The existing facilities will require
modification. 1In most cases, substantially less floor space will be required
for the digital image system than the current micrographics system. Work
stations, scanners, computer equipment, and other components of the system
must be optimally arranged and organized to permit efficient workflow, super-
vision, and efficient operation. Modifications in the electrical and environ-
mental systems (heating, air conditioning, and ventilation) will likely be
required to accommodate the new technology. Cable will have to be wired to
the appropriate workstations.

(c) Software/Systems Integration. It is anticipated that a systems
integrator will be used to develop the system for the Army. The systems
integrator will ultimately be responsible for the selection and integration of
the equipment, development of software programs to meet the Army's needs,
development of operations manuals, and staff training. Since the systems
integrator will make profits from the acquisition of the equipment components
at OEM prices and resale at retail prices, a modest budget has been included
for new software development and enhancement. It is expected, however, that
the systems integrator will have previous experience with these systems and
only minimal modification of existing proprietary software may be required.

(d) Personnel. The personnel required to operate a digital image
system must be highly educated, motivated, reliable, extensively trained, and
show good judgment. This technology differs dramatically from both micro-
graphics and traditional data processing. Many fewer people are required to
operate the digital image system than are required for the microfilm system,
provided that these are the "right people."

The Army and the Federal government have traditionally graded production staff
extremely low, even for positions utilizing advanced technology such as
updatable microfiche and computers. In order for the Army to recognize the
cost savings and advantages of the digital image system, and in order to
enable the system to function at all, a much different philosophy must be
instituted in determining pay grades for this new technology. Some of the
special qualities and responsibilities for personnel operating this new
technology are discussed below.

(Note: Persornel has not been included in the budgets to convert or maintain
the paper MPRJ at RCPAC.)

(1) Document Preparation Clerks. Document preparation clerks
are required to screen incoming documents to determine their appropriateness
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for inclusion in the OMPF file, remove any staples and clips, and repair any
torn documents.

(2) Scanner Operators. Scanner operators are responsible for
feeding documents or microfiche into the scanner, monitoring each scanned
image to ensure that acceptable quality control standards have been met,
identifying problems with scanner operation, and modifying controls as neces-
sary to achieve the best quality image. This is a high production job requir-
ing good hand-eye coordination, knowledge of scanner operations and capabili-
ties, and substantial Jjudgment in system operation. A conservative scanrning
rate of 2 seconds per image, or 30 images per minute was used.

(3) Data Entry Operators. Data entry operators are required
to index each document accurately. Approximately 42 characters of information
will be required to open a record and 19 characters for each update (8 for
conversion and accessions). Since the image will be in an electronic form
rather than in a tangible media form after scanning, the data entry operater
has great responsibilities to accurately index each image; otherwise, images
car readily be lost, misfiled, or rendered irretrievable. An input rate of
one character per second is assumed in all calculations.

(4) Image Enhancement Specialists. No equivalent of this
position currently exists anywhere in government or industry. The image
enhancement specialist is responsible for reviewing each image to determine
whether the image meets adequate quality standards or whether image enhance-
ment is required. If enhancement is required, the operator will then utilize
the image enhancement techniques available to improve the image and increase
readability and usability. The specialist must be thoroughly familiar with
the scope and ramifications of each algorithm for image enhancement, and must
be able to select the appropriate variable settings to obtain an optimal
image. Substantial judgment, knowledge of computers, knowledge of algorithms,
and artistic ability is required to effectively perform this task. A produc-
tion rate of 4 images enhanced per minute was used, with 25% of all documents
requiring enhancement.

(5) Digital Image Equipment Operator. The digital image
equipment operator functions to a minor extent as a traditional computer
operator, but must have special knowledge and experience in the operation of
the other types 